32010405

il
7t

AP | 0034559
4

WHC-SD-EN-ES-043
Rev. 0

100 Area
Groundwater
Biodenitrification
Bench-Scale
Treatability Study --
Final Report

Prepared for the U.S. Department of Energy

m Wneﬂnahm 1@

YV - -
7&-, Hanfﬂrd Company Richland, Washington

Hanfar dOp eratio ns an dEg gC ntractor for the
- S -Depanment of Energy unde act DECAC08.-87RL 10930
- — Approved for Public Release



o 1553
iy

THIS PAGE INTENTIONALLY
LEFT BLANK

T iy



SUPPORTING DOCUMENT 1. Total pages (12

2. Title ) 3. Number ’ 4. Rev No.

100 Area Groundwater Biodeﬁffification Behch—Sta1e WHC-SD-EN-FS-043 0
Treatability Study--Final Report

5. Key Words 6. Author

Neme: B.M. Pey n

wastie stream
carbon

data management
dentrification
remediation

T L4 9y

Organization/Charge Code D7T34/P35Al

7. Abstract

Peyton, B.M., 1994, 100 Area Groundwater Biodentrification Bench-Scale Treatability
----- oo -Stuydy--Final Report, WHC-SD-EN-ES-043, prepared by Pacific Northwest Laboratory

= for Westinghouse Hanford Company, Richland, Washington.

T :

3 8. PURPOSE MUSE OF DOCUMENT - This document was prepared for ugse | 10. RELEASE STAMP
‘3 © within the Us§, Department of Energy and~fts contractors. It is to \j o

be used only~\to perform, diregs;y or integrate work under
nergy contra i

PATENT STATUS - This
advance of patent c
for use in pepformance o
U.S. Department-6f Energy. This

ent copy, since it is
is made available 1

its con:;gﬁtherwise disseminated“\or used for purposes otheN than ) -
specified dbove before patent approval fpr'such rebéase or use;has CETICIAL RS EACE

been seclred, upon request, from the Pateuf: Counsel, U.S. Department L Qf L RELEASE 11
of Energy Field Office, Richland, WA. LY WHG

DISCLAIMER - This report was prepared as an account of work DATE FEB 22 199’1

sponsored by an agency of the United States Government. MNeither the
United States Govermment nor any agency thereof, nor any cof their )
employees, nor any of their contractors, subcontractors cr their “ =
employees, makes any warranty, express or impiied, or assumes any > //Z

e s oepee—legal \iability or responsibility Tor the accuracy,; completeness, of
~——— — | - _any third party's use or the results of such use of any information,
: apparatus, product, or process disclosed, or represents that its use
would not infringe privately owned rights. Reference herein to any
specific commerciai product, 'process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof or its
contractors or subcontractors, The views and opinions of authors
expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

9. Impact Level 4

A-6400-073 (11/91) {EF) WEF124



THIS PAGE INTENTIONALLY
LEFT BLANK



WHC-SD-EN-ES-043, Rev. 0

SUMMARY

Biodenitrification is the biological conversion of nitrate and nitrite to gaseous nitrogen. This
document describes the methodologies used and the results obtained in the bench-scale

biodenitrification treatability tests at Pacific Northwest Laboratory. The tests showed that

_biodenitrification could reduce initial groundwater nitrate concentrations to less than 45 mg/L, the

current maximur contaminant jevel (40 CFR 39569). Tesis were carried oui in anaerobic shake
flasks to demonstrate nitrate removal and to determine the effects of carbon source and concentration,
pH, and temperature on the denitritication ability of a Hanford denitrifying microbial consortia.
Growth rates in the actual groundwater were slightly lower than in laboratory prepared simulated
groundwater. The effects of pH and temperature are similar to what has been observed in other tests
with different denitrifying microorganisms.

. These tests were conducted under the guidance of Westinghouse Hanford Company, the
100-HR-3 Groundwater Treatability Test Plan (DOE/RL-92-73, Rev. 0), and the Treatability Study
Program Plan (DOE/RL-92-48) using groundwater from 100-HR-3.

This report presents the test information in the format suggested by the Guide for
Conductivity Treatability Studies Under CERCLA (EPA 1989) and includes additional denitrification

process background information.

The results and conclusions contained herein were obtained specitically for the 100-HR-3
Groundwater Treatability Test. These results should not be construed or mistaken to be generally

applicable to any other treatability study.

REFERENCES
40 CFR 59569, Part 248. December 24, 1974. U.S. Environmental Protection Agency. "Safe
Drinking Water Act”, Code of Federal Regulations,

U.S. Environmental Protection Agency (EPA). 1989. Guide for Conductivity Treatability Studies
Under CERCILA, EPA/540/2-89/058.
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1.0 INTRODUCTION

Biodenitrification is the biological conversion ot mitrate and nitrite to gaseous nitrogen, This
document describes the procedures, results, and conclusions obtained in the bench-scale
biodenitrification treatability tests at Pacific Northwest Laboratory® (PNL). The tests used batch
studies to determine if biodenitrification could reduce the nitrate concentration to a residual of less
than 45 mg/L, the current maximum contaminant level (MCL) Federal Register, 1975. Groundwater
samples were tested from two wells in 100-HR-3. These tests were conducted under the guidance of
Westinghouse Hanford Company (WHC), the 100-HR-3 Groundwater Treatability Test Plan
(DOE/RL-92-73), and the Treatability Study Program Plan (DOE/RL-92-48). Test procedures are
tound in the report entitled 100 Area Groundwater Biodenitritication Bench-Scale Treatability Study
Procedures (PNIL.-8610). Past experiments were used to determine the range to test for each
independent variable (Koegler et al. 1989; Brouns et al. 1990; Truex et al. 1992). The overall
objective was to demonstrate that the performance levels (45 mg/L) for nitrate in 100 Area
groundwater could be met with the biodenitrification process. The conclusions are based on
groundwater samples taken trom two wells chosen by WHC. In addition, the effects of the following

parameters on the denitrification rate and growth rate were determined:

1. Presence of inhibitory compounds

2. Carbon limitations

2 G [ RS [PRpRRPIDE PP

2 P ucpenucicc

4 Temperature dependence

5 Carbon source (acetate and methanol) comparison.

-~ --Values-for appropriate parameters were determined. and the effects of possibly inhibitory

compounds were evaluated. A final set ot batch tests were pertormed to confirm the observed

addressed in these procedures. Sludge characteristics as measured by total and volatile suspended

solids were measured during one test to give an indication of the process sludge production.

(a) Pacific Northwest Laboratory is operated for the U.S. Department of Energy by Battelle
Memorial Institute under contract DE-AC06-76R1L.O 1830.
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Chromium and radionuclide uptake were also measured in the tinal confirmation tests to determine if

" the btomass would adsorb significant amounts of chromium and radionuciides.

The data will be used to turther evaluate the feasibility of biodenitritication as a groundwater
remediation technology for the 100-HR-3 Operable Unit and will provide information required for a
pilot-scale system. In parallel to these biodenitrification tests, WHC is conducting tests of both ion
exchange and chromium reduction/precipitation. The results from these lab tests will be used to
""""""" —determine which system; biodenitrification/chromium precipitationor ion exchange, should be further
" “evaiuated for use in rémediating 100-HR-3 groundwater. This determination will be based on the
performance -data and minimal cost information obtained from these lab tests. A report will be issued

at the conclusion of the testing to summarize the biodenitrification results. These results will be used

v;mi to aid in performing the Phase 3 Remedy Design (pilot-scale) treatability study tor 100-HR-3.
;: " Further details regarding an overview description should reterence the document - "100 Area
e Feasibility Study Phases 1 and 2" (DOE-RL 1992).

1.1 SITE DESCRIPTION

1.1.1 Site Name and Location
The 100-HR-3 Operable Unit is located at the northern end of the U.S. Department of
Energy’s (DOE) Hanford Reservation in southeastern Washington state. The 100-HR-3 Operable
Unit is very large and contains contaminants that vary widely in concentration. The primary
contaminants of concern for this treatability test are 1) nitrate, 2) chromium, and 3) radioactivity in
= ~the forim-of gross-alpia und-gross beta. The only weii in the "100-HR-03 Operabie Unit that contains
- -all contaminants of concern above their performance levels is 199-H4-4 in the 100-H Area.
Maximum chromium concentrations are found in the 100-D area, with the well 199-D35-15 showing
total chromium concentrations of 1,740 ppb. This concentration is nearly 35 times the required
performance level. For further information, refer to the 100-HR-3 Groundwater Treatability Test

Plan (DOE-RL 1992).

1.1.2 History of Operations
- - - Phatoniam production operattons 1 the-100-Avea produced substantial amounts of nitrate from

nitric acid, dissolved chromium, and radionuctides. Waste disposal practices, such as the use of solar



WHC-SD-EN-ES-043, Rev. 0

evaporation basins in the 100-H Area, resulted in the discharge of substantial amounts of

contaminants to the vadose zone and groundwater in the 100 Area.

1.1.3 Prior Removal and Remediation Activities
Little has been done to remove or remediate the contaminated soil and groundwater,
- Treatability tests for soil washing, chromium and radionuclide precipitation, and in situ vitrification

are currently in progress.

2.0 CONCLUSIONS AND RECOMMENDATIONS

2.1 CONCLUSIONS

The performed tests indicate that biodenitritication is a viable technology for removing nitrate
from 100 Area groundwater. Although laboratory-made simulated groundwater (SGW) gave slightly
higher growth rates, actual groundwater from both well 199-H4-4 and 199-D5-15 was denitrified at
similar rates. The Hanford denitrifying bacterial consortia responded to changes in temperature and
pH in a manner typically observed in other denitritying populations. Carbon limitations did not
significantly affect the rates of denitritication, although carbon limitations did alter the extent of
denitrification, confirming the stoichiometric equations presented in the text. As expected, acetate
gave a faster rate of denitrification than methanol. Radionuclide removal was measured as the
difference between gross alpha and gross beta concentrations in the liquid before and after biomass
was filtered from the solution. The radionuclide removal results were mixed. Gross aipha reductions
were measured to be an average of 25% . whereas gross beta reductions were measured to be only an
- -average of 2:5%. Biological chromium removai data show chromium concentration reductions were
measured to be an average of 15 pug/L or 1.5%. In both the radionuclide and chromium data,

contaminant-reductions are.not statistically significant,

Briet answers to the test objectives tound in Section 4.2.1 of the Test Plan (DOE/RL-92-73,

Rev. 0) are given below.

Determing what conditions allow native bacteria to remove nitrates below pertormance levels. Native

bacteria were able to remove nitrates to below performance levels at temperatures between 15 and

35°C, pH from 7 to 8. using both acetate and methanol as a carbon source. At pH 6, results were

mixed. Therefore, it is recommended that during remediation operations, groundwater pH is not
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allowed to go below pH 6.5. Sufticient carbon source must be added to satisty the stoichiometric

requirements for nitrate and nitrite reduction.

Determine if compounds or physical conditions that would inhibit the denitrification process (e.g.. the

. ______presence of biocides that may have been used in the reactor cooling logp) are present in the

Observed denitrification rates in raw groundwater were 80 and 95% of the rate in SGW for wells
199-D5-15 and 199-H4-4, respectively. Specific cellular growth rates were slightly slower in the

raw groundwater.

~
¥ Determine the optimum carbon source and dosage needed to maintain a stable biomass for

denitrification (i.e.. steady state operation). Two carbon sources were tested: methanol and acetate.

Both carbon sources were able to reduce nitrate concentrations below the performance levels.

Methanol is, by far, the industry standard. Acetate is, however, safer and gives slightly higher
denitrification rates. Methanoi is less expensive and produces less secondary sludge that will require
disposal. Dosage requirement calculations for both compounds as a function of initial nitrate
concentration are presented in Section 3.2.2. These stoichiometric dosage requirements were
confirmed in the treatability tests. At the pilot scale. an additional carbon source must be added to
reduce the dissolved oxygen concentration before denitrification can proceed. Without further

-~ - knowledge of the final process-contiguration and the etfects of increased safety awareness on the
Hanford reservation, it would be imprudent to recommend one compound over the other. 1 have
therefore tried to present the benefits and drawbacks of each. with the final choice of the "optimal

carbon source” left until the pilot- or tull-scale treatment process is better defined.

Demonstrate, on a laboratory scale, that the performance level tor nitrate can be met. The

-~ - - performance level for nitrate was met under a variety of conditions in the raw groundwater. Only at

pH 6 did no denitrification occur. and then only one of two flasks did not denitrity.

Determine the amount of chromium and radionyclides (if anv) that are removed during the

ffffffff biodenitrification process._either bv adsorption un the biomass or some other mechanism. Chromium

and radionuclide concentration reductions were measured during the biodenitritication process,

although these measured reductions were statistically insigniticant. The measured reduction of 15
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zg/L (1.5%) for chromium was from 990 + 80 to 975 + 80 ug/L. Measured reduction of gross
alpha was 1.8 pCi/L (25%) from an average of 7.2 + 1.85t0 5.4 4+ 1.55 pCi/L. Gross beta gave

- mixed results with an average measured reduction of 2.5%. from an average of 31.1 + 2.15 to 30.3

1+ 2.15 pCi/L. These reductions are in the presence of very low biomass concentrations, near 10 mg

TSS/L.

Confirm denitrification kinetics. Calculated denitrification rates match very closely with the observed
denitrification rates of Dawson and Murphy (1972). Also, the effects of temperature and pH match
closely with literature results. Recommended operating pH is in the range from 7.0 tc 7.5.

Increasing the temperature increases the denitrification rate, although in many cases there will be little

—control-over-the influent groundwater temperature. A temperature of 13°C gave a denitrification rate

that was 73% of the rate at 25°C. The obtained rates were determined in the laboratory where very

little inactive biomass was present, and nearly all of the biomass present was capable of

- denitrification. ‘This-is-in contrast-to -a-feld-application that may-have a larger percentage of inactive

biomass, especially for the tixed-film reactor types. Therefore, rates obtained in this study should be

viewed as the maximum possible rate. Before a full-scale denitritication process is designed, a pilot-

“scaie process shouid be operated t¢ determine more representative denitrification rates.

Determine optimum biodenitritication configuration. [t was not possible within the scope of work to

meet this objective with experimental testing. Therefore, in the test procedure, the objective was to
recommend bioreactor types for pilot-scale tests. A deep bed fixed-tilm reactor is recommended for
testing at the pilot-scale. This recommendation is based more on the relatively low nitrate
concentrations to be removed, ease of operation, and engineering judgement, than on the results of

these tests.

Determine the amount. chemical composition (with respect to chemical additives and contaminants

and physical properties of the sludge produced by the biodenitritication process. The physical

properties may include settled sludge, volume, percent solids. filter cake volume, filter cake density,

_percent moisture, and speed of filtration. Because of the low nitrate concentrations in the

groundwater, very low concentrations of biomass were produced ( ~ 10 mg/L), so that very little
sludge was produced during the entire test. Therefore, sludge composition and stabilization were not
addressed in the procedures: however. hiological solids were measured. During the final

contirmation test, as a result of nitrate reduction from about 45 mg NO,/L to § mg/L, total
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suspended solids (TSS) were measured at 9.4 + 3.1 mg TSS/L. This represents a percent solids
concentration of approximately 0.001%. Characterization ot sludge properties should be made at the

. pilot-scale since these properties will depend on the reactor contiguration chosen.

2.2 RECOMMENDATIONS

It is recommended that pilot-scale tests be performed to demonstrate nitrate removal on a

- oo COntinuous basis using a packed bed reactor. This recommendation is based more on the relatively

low nitrate concentrations to be removed, ease of operation, and engineering judgement, than on the
results of these tests. The tests confirm that the Hantford denitrifying consortia will denitrify

groundwater from the wells tested under the test conditions. Pilot-scale tests would give a better

estimate of the denitrification rates, since laboratory rates tend to be somewhat higher than observed

e
“et o field rates (US EPA . 1973)....In. addition. sludge characterization. would. be.possible. at the pilot scale
P since larger quantities of sludge would be generated. and the reactor configuration may influence
Y

sludge characteristics. The 100-HR-3 Groundwater Treatability Test Plan (DOE/RL-92-73 Rev. 0)
_recommends a pilot.process tlow_rate of 1. to.5. ¢pm. Depending on the size of the final process, the
raw product cost advantages of using methanol may not overcome the safety aspects of using a
flammable liquid in the field. The reactor must be sized to allow complete destruction of both nitrate
and nitrite to nitrogen gas with an appropriate safety factor to account for a significant fraction of

inactive biomass.

3.0 TREATABILITY STUDY APPROACH

Batch studies were performed to determine it biodenitrification could meet the performance
level for nitrate removal in the 100 Area groundwater. as retlected in groundwater samples from two
wells. The performance level for nitrate is 45 (40 CFR 141) mg/L in drinking water; this is

~ equivalent to 10 mg/L. of nitrate nitrogen, designated as NO-, - N. The performance ievel for
chromium (V) and total chromium is 80 pg/L and 100 {40 CFR 141) ug/L, respectively, while the
performance levels for gross alpha and gross beta are 15 (40 CFR 141) pCi/L and 40 (WHC 1988)
pCi/L, respectively. These tests were conducted under the guidance of the 100-HR-3 Groundwater
Treatability Test Plan, DOE/RL-92-73 Rev. 0. using groundwater from 100-HR-3 and the Hanford

denitrifying consortium.
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3.1 TEST OBJECTIVES AND RATIONALE

Specific test objectives are listed below:

- - & - Determmne if iinbitory compounds are presem - This vbjective was accomplished by
comparing denitrification rates in 100-HR-3 groundwater to denitrification rates in an
- SGW under identical conditions. Because of the possibility that the 100 Area
groundwater may contain compounds that inhibit microbial denitrification, tests were
S e 40 determine i the rate and extent of denitrification in the groundwater was
comparable to the rates commonly expected when no inhibitory compounds were
present.

. Determine the extent to which carbon limitations affect denitrification - This was done
to ensure that nitrate was indeed the rate limiting nutrient and to determine the effects
of carbon limitations on denitrification rates. Since the MCL for nitrate is 45 mg/L, a
pilot-scale system may be operated in a carbon limited manner and still remove
enough nitrate to effectively remediate the effluent water. At the pilot-scale, nitrite
will need to be monitored to ensure that the performance level for nitrite is not
exceeded.

. Determine denitrification rates at pH values 6, 7, and 8 - The solution pH increases as
a result of the biochemical reactions for biodenitrification. Depending on the
buffering capacity of the groundwater, this increase may be large or small and may
affect denitrification rates. In addition, information on the etfect of pH on
denitrification rates may play a significant role in integrating chemical and biological
treatment at this site since pH control plays an important role in chemical
precipitation. Initial measurements of groundwater pH were between 7.6 and 8.0.

. Determine the effect of temperature on the rate of denitrification. Even with a

am drmemm e o = o

specifically, is to determine denitritication rates at 15°C, 25°C, and 35°C. Generic
rate expressions that account for the etfect of temperature on denitritication rates
exist, but the constants need to be determined under site-specific conditions. The
groundwater temperature in the 100 Area was typically in the range 17 to 20°C.

. Determine carbon source and dosage - The role of the carbon source is important in
determining denitritication and biomass production rates, The carbon sources that
will be compared are acetate and methanof. Methanol is an industry standard because
of its cost, but acetate may give taster denitrification rates. Dosage was determined
by analyzing observed yield values after removing nitrate and producing biomass.
The desirable carbon source would be inexpensive and would support a high
denitrification rate while producing a small amount of biomass. Initial dosage was
determined trom Equation 5 or 6 in Section 3.2.2; these tests gave data to predict the
amount of carbon source required to remove a specific amount of nitrate from
groundwater.
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Final confirmation tests that need to be performed are listed below:

. Confirm that pertormance levels could be met - After optimal values for the
parameters given above have been chosen, and the effects of possibly inhibitory
compounds have been evaluated, a tinal set of integrated batch tests were performed
to evaluate the site-specific reaction rate kinetics and determine if denitrification could
reach the desired performance levels of 45 mg/L in 100 Area groundwater.

~-— = -Determine -the amount of chromium and radionuclide adsorption to biomass -
Although some information is available on the extent of chromium uptake by the
Hanford denitrifying consortia, the information on the extent of radionuclide
adsorption is limited.

. Recommend bioreactor types tor pilot-scale tests - Bioreactor types that should be
evaluated at the pilot-scale are recommended based on denitrification rates observed in
these tests. The recommendation does not include information about costs.

This section gives some technical background for the process of biodenitrification and the

process parameters that affect the rate of denitrification.

3.2.1 Experimental Principles

The tundamental principle of bioremediation is the biological degradation of unwanted
compounds into more inert or desirable compounds. For example, biodegradation of a gasoline spill
in the presence of air would produce carbon dioxide, a gas tound in low concentrations in ambient
air. In the absence of molecular oxygen ((Q,), other substances can be used by bacteria to degrade
organic carbon. One such substance is nitrate. Degradation of nitrate by the microbial process of

denitrification produces inert nitrogen gas through the reaction series in Equation 1.

NO, - NO, = NO = N,0 = N, (1)

The Hantord consortta has been shown to reduce both nitrate and nitrite. A consortia

undergoing the denitrification process rarely produces ammonia, since ammonia has a high chemical

assimilatory (biomass producing) and dissimilatory (energy producing) pathways. It can be seen that

under denitrifying conditions, produced ammonia can be directly incorporated into organic nitrogen
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for cell proteins and other compoenents.  About 90% of all nitrate converted goes through the
dissimilatory pathway. Of the small amount of ammonia that may be produced. most will quickly be

assimilated into biomass.

Dissimilatory Pathway:

¢

Ammonia (NH,) only produced by some bacteria
Assimilatory Pathway:
Nitrate (NO, ) — Nitrite (NO," } —» Hydroxylamine (NH,OH ) = Ammonia (NH, )} - Organic
Nitrogen

. measuring initial nitrate and nitrite concentrations

. using the stoichiometric relationships (Eq. 2 to 6) that incorporate dissimilatory nitrate/nitrite
reduction, biomass synthesis, and the scavenging of soluble oxygen. These relationships (US
EPA 1975) are averages tor many complex metabolic reactions and as such are

. " 1.

approximations of what will be observed with the Hanford consortia.

Overall Nitrate Removal with Methanol
NO; + 1.08CH,OH = 0.056C.H.NO, + 0.47N, + 1.44H,0 + 0.76CO,
+ OH @

Overall Nitrite Removal with Methanol
NO, + 0.67CH,OH = 0.04C,H,NO, + 0.48N, + 0.70H.O + 0.47CO, + OH" (3
Overall Oxygen Removal with Methanol

0, + 0.93CH,OH_+ 0.056NO, = 0.056C,H-NO, + 1.63H.Q + 0.65CO,

+ 0.0560H 4
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= meeee e - When -combined; these stoichiometric relationships allow methano! requirements to
- —bioremediate nitrate and nitrite to be calculated. An additional factor of 1.5 has been included to
oo ingure sufficient carbor Soutce to deplete nitrate - At the piiot-scale: thissafety tactor would be set to

1.0 since adding too much methanol may encourage sulfate reducing hacterial growth.

Cp = 1.5 (0.56NO; + 0.35NO, + 0.93DO) 5
where
C. = required methanol concentration, mg/L
NO, = nitrate concentration to remove. mg/L
NQO, = nitrite concentration to remove, mg/L
DO = dissolved oxygen concentration to remove, mg/L

The dissolved oxygen must be taken into consideration since oxygen is a more energetically
favorable electron acceptor. If, for example, the dissolved oxygen were ignored and only enough
carbon source were added to remove nitrate, the bacteria would still remove the oxygen first and then
proceed with denitrification. In this case, the carbon source may be depleted before all the nitrate

was consumed.

Examination of Equation 5 will show that in the laboratory tests, flasks were sparged with
helium to remove oxygen so that oxygen had no intluence on the methanol requirement. Pilot-scale
designers and operators will have to measure the dissolved oxygen and nitrate concentration and add
enough carbon source to remove both. In addition, effluent monitoring for nitrate and nitrite shouid
be used to "fine tune” carbon dosage to remove the nitrogen containing compounds without adding

excess carbon source.,

Acetate was used in the form of sodium acetate. Although acetate provides a faster
denitritication rate, its use is less common on a larger scale because of cost considerations. Acetate
addition was calculated based on Equation 6 adapted from Table IV of McCarty et al. (1969) and will
provide a safety factor of 1.5 in the acetate additions to ensure a sutficient carbon source to deplete
---available nitrate and exygen.- It-can-be seen that more biomass -is-produeed per mole-of nitrate when

using acetate as the carbon source.

10
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Overall Nitrate Removal with Acetate

NO, + 0.879CH,COO" = 0.088C.H,O,N + 1.318C0O, + 0.071H.0 + 0.4356N, + 1.8790H (&)
The reaction of nitrite and oxygen in the presence of acetate was developed with the half reaction

method from Grady and Lim (1980).

Overall Nitrite Removal with Acetate
NGO, + 0.414CH,COO" + 0.133H,0 = 0.014C.H,O,N + 0.760CO, + 0.493N, + 1.4140H" (N

Overall Oxygen Removal with Acetate
O, +1.43CH,CO0" +0.26NO;” +0.26H* = 0.27C.H,O,N +0.10CQ, + 1.43HCO; + 0.63H,0 (8)

Combining Equations 6 through 8 gives the overall acetate addition for removing nitrate, nitrite, and
oxygen, and changing the units to mg/L gives a useful equation (9) for predicting the required acetate
dosage.

Ca = 0.84NO;” + 0.53NO, + 2.64DO %

where C, = initial acetate concentration, mg/L

As with methanol, a safety factor of 1.5 was included to ensure complete nitrate degradation. At the
pilot scale, a safety factor near 1.0 is recommended since adding an excess carbon source above the
required minimum may lead to unwanted sulfate reduction and increased cost. During the treatability

tests, the overall acetate addition was calculated using Equation 10,

Overall Acetate Addition
C, = 1.5(0.81 NO,) = [.22 NO, (10)

3.2.3 pH Dependence
The highest denitrification rates are found between a pH of 7.0 to 7.5 (US EPA 1975).
Lower denitrification rates occur outside of this range. The typical range for the effects of pH on the

percent of maximum denitritication rate is shown in Figure 3.1.

11



WHC-SD-EN-ES-043, Rev. O

on Rate
>
= ]

1
\,
/
/
>
.
v
, .
.
/
/
s
i
l
1
'
1

o
=
|\

/

1]
[=]

- - — - — Christensen, 1972
_________ Clayfield, 1974
—— Dawson, 1973

- — — — Mulbarger, 1971

N
=]

l-lvl‘\\l-"lvi

RN WA W NN YT WIRY Sy W S Sy Y W T N N T TN T NN WY WY W

L

1]
-]
n
-

"

7.5 8 ~ 8.5 S

Percent of Maximum Denitrificati
S

pH

Figure 3.1. pH Effects on percent of maximum denitritication rate observed by others. Adapted
from EPA (1975).

The temperature dependence of the denitritication rate was fitted with a least squares fit of a

logarithmic transformation (Dawson and Murphy 1972) with an Arrhenius’ Law modei of the form:

k — kﬂef{E."RT\ (!‘)
where k, = frequency factor
E = activation energy (cal g-mole™)

R = universal gas constant (cal g-mole™ °K)

-
Ii

absolute temperature (°K)

Dawson and Murphy obtained 4 value for E of 16,000 (cal g-mole'). Because the coefficients
represent overall averages of many complex individual metabolic reactions, this test procedure gave
an estimate, but could not precisely define the coetticients k, and E. The groundwater in the 100

Area typically ranges between 17 and 20°C.

12
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3.2.5 Acetate and Methanol Comparison
Since both acetate and methanol are suitable carbon sources tor denitritying groundwater, the
four primary issues related to the choice of a carbon source are [) cost. 2) safety, 3) sludge

e —— .. braduction, and 4} operational efficiency.

Acetate is the base ion, or deprotonated form, of acetic acid as shown by

ACETIC ACID & ACETATE + HYDROGEN ION (12)
CH,COOH & CH,COO" + H*

Acetate was chosen as a test compound because it is non-flammable, is easy to measure, gives good
denitrification rates, and helps maintain pH. Methanol is the industry standard because of the cost-
benefit ratio at very large scales, but it gives a somewhat slower denitrification. According to data

obtained in the treatability tests, the use of acetate, rather than methanol, would result in

denitrification rates that would be approximately 20% faster. This rate increase would reduce the
hydraulic residence time required for compiete denitrification, thus resulting in a smaller bioreactor to

process the same groundwater volumetric tlow rate,

The February 22, 1993, Chemical Marketing Reporter indicates that the price of methanol
was $0.154/Kg methanol, and acetate was $0.727/Kg acetic acid. Calculations based on the
stoichiometric ratio of each carbon source indicates that the cost for nitrate removal with methanol
would be $0.086/Kg nitrate, whereas the cost tor acetate would be $0.599/Kg nitrate. The cost ratio
of these two carbon sources is 6.96, indicating that acetate would be nearly seven times more
s o= - -CXPERSive in raw chiemical costs as compared to methanol. Because of the relatively small amount of

_____ —nitrate present in the groundwater.. however. . this cost ratio may. be somewhat misleading. - Estimated
raw chemicai costs were calculated for a nitrate removal of 40 mg NO,/L at four process tflow rates

(Table 4.2).

....... . From a safety standpoint, acerate is by far the safer of the two carbon sources. Methanol is
flammable with a tlashpoint of 52°F (13.9°C); therefore, special non-sparking tools and equipment, in
addition to other satety precautions. are required to use methanol. The flashpoint for acetic acid is

listed on the MSDS as "none.” Acetate is usually supplied in the form of acetic acid. Acetic acid is

13
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flammable and corrosive at very high concentrations, although at typical concentrations used,

flammability is not an issue.

Comparing sludge production between Equations 2 and 7 shows that acetate will produce

approximately 57% more sludge because of the higher biomass yield. In a 1000 gpm full-scale plant
operating 365 days a year and removing 40 mg/L NO;, methanol would produce about 17,000 Ib of

- undigested sludge while acetate would produce 27 000 Ib. . In- a smaller unit of 10 gnm the estimated

siudge production is 170 Ib for methanol and 270 Ib for acetate. At this scale, the difference in

sludge production is small.

Overall, the balance of cost versus safety issues tfor methanol does not become significant

until large scale { > 100 gpm) process units are reached.

3.2.6 Scale-up Issues
--The-primary scale-up issues-for-a-fixed film system-are the ability io reliably estimate the total
amount of biomass that will be attached to the packing in the reactor and the ability to minimize the

amount of start-up time required to bring the unit on line after a system upset.

To estimate the amount of biomass attached to the reactor packing, previous work with
packed bed denitrifying units will be used (US EPA 1975). In addition, a safety factor for a
hydraulic retention time of greater than 2.0 is recommended. [n addition, [aboratory rates should be
viewed as high, since field systems may have a large fraction ot "inactive” volatile suspended solids
(US EPA 1975).

Ll

The start-up time can be minimized by providing a packing material that maintains a large

. [

... amount.of biomass with. 4 minimal amount. of-sloughing.  This usually requires a rough or porous

--surfage that-allows denitrifying bacteria to-enter the pore spaces; thus mintmizing-bacterial washout

during start-up. This type of reactor packing can also increase the amount of biomass that is retained

_ in the reactor.

An additional scale-up issue is the accumulation of nitrite as a natural product of nitrate
reduction. Both nitrate and nitrite concentrations should be monitored carefully. The reactor

residence time and the amount of carbon source added should allow for nitrite degradation. In

14
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addition, data obtained in these treatability tests indicate that at pH 6. nitrate degradation was slow,
and nitrite degradation was inhibited: therefore, a pH controller should be installed to maintain the pH

in the range of 7 to 7.5.

3.2.7 Phosphorous Requirements

Phosphorous is a member of the group of chemical elements commonly called micronutrients.
These elements are required for microbial growth, though in far smaller amounts than carbon,
nitrogen, hydrogen, and oxygen. Hydrogen and oxygen exist in great abundance as the components
of water. In this application, a carbon source, acetate or methanol, will be added to bioremediate a
nitrogen source, nitrate. Thus all the primary components for bioremediation will be present in the
planned tests. In an anoxic environment, phosphorous is required in the approximate molar ratio of
300:1 carbon:phosphorous by the microbial cell to produce important biological substances such as
genetic material (nucleic acids) and the cell wail (phospholipids). In some cases, a scarcity of

phosphorous can limit cell production, which in turn limits the denitrification rate. Phosphate was

added to groundwater samples with the carbon source in the ratio of 0.05 mg PO, per mg acetate or

methanol.

_ It should be noted that while the concentration ot phosphorous is known for biological cell
requirements, other factors, including chemicai precipitation. contribute to the loss of available
phosphorous concentrations. In continuous treatment, it is essential in maintaining target treatment
etficiency to maintain available phosphorous concentrations. This typically is etfected by measuring

~soluble ortho=phosphate during start-up and during changes in influent quaiity. - Thus, the ratio of
carbon:phosphorous should be considered a target ratio that requires monitoring and may require

adjustment for continuous, efficient, and stable operations.

3.2.8 Nitrite Production

"In Equation 1, it can be seen that nitrite, NO, . is an intermediate of the pathway from
-itrate; NOy; to-nitregen-gas, N, Nitrite has-2 maximum contaminant-level (MCL) of 10-mg NO, /L
- (40-CFR -59569) "Fyﬁiﬁaily,'zrmit:mhia}' comsoria bt can degrade nitrate can-also convert nitrite to

nitrogen gas. The Hanford consortia has been shown to degrade nitrate through nitrite to nitrogen gas

in this and other studies. although this information has not been published.

[y
[#]
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In biological reactors éontaining a microbial consortia capable of nitrite reduction, two
primary conditions can cause an accumulation of nitrite in the process. In batch reactors, the
- presence of nitrite at the end of an experimental run indicates that either -1) the batch test was not run
long enough to allow the nitrite to be converted to nitrogen gas, or 2) the amount of carbon source

added to the flask was not sufficient to degrade both the nitrate and nitrite.

For a continuous flow pilot-scale system, two analogous conditions can cause the production

of nitrite in the effluent. These conditions are:

Y 1. The hydraulic retention time is too short to allow the transformation of produced nitrite.
d
E?:? 2. The concentration of the organic carbon source has been depleted so that no further microbial

S transformation of nitrate or nitrite will occur.

3.2.9 Hanford Denitrifying Consortia

A denitrifying consortium was obtained from Hanford groundwater (Koegler et al. 1989) and
has been shown to remove nitrate to concentrations less than 45 mg/L, the current MCL. The
consortium was initially obtained for tests to degrade nitrate in 2 condensate stream from Hanford’s
UO, Plant and was subsequently found to degrade carbon tetrachloride and nitrate simultaneously.
Koegler et al. (1989) determined that over the pH range of 7.95 to 11.6, a pH of 8 gave the highest
rate of denitrification. This result is not surprising given the range of pH examined. These tests
were performed under continuous culture conditions, with residence times of 5, 8, 12, and 20 days.
The influent nitrate concentration for each test was 1500 mg NOy, as compared to the typical nitrate
concentrations of 140 mg/L found in the 100 Area groundwater. An order of magnitude cost estimate

was made tor the pilot-scale biological denitritication of the UQ, Plant condensate effluent.

Brouns et al. (1990} found that a tluidized bed hioreactor (FBR) gave volumetric
denitrification rates 10 to 20 times higher than those obtained in a continuous culture and that 99% of
nitrate at concentrations of 400 mg/L could be reduced with a residence time of 8 h. This was
because of the order-ot-magnitude increase in the amount of biomass present in the reactor as a result
of the presence of an attachment medium. The report focuses on results obtained from the biological
destruction of carbon tetrachloride, afthough some screening work on chromium (VI inhibition was
performed. It was found that at Cr(VI) concentrations of 0.11 ppm, the onset of denitrification was

delayed. At Cr(VI) concentrations of 4.1 and 40 ppm, denitrification was not observed to occur.

16
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Specific denitrification rates, as a function of volatile suspended solids (VSS), averaged from 9 to 14
mg NO, (g VSS h)". These values were obtained at 30°C. The average observed yield for nitrate was
0.97 mg NO; (mg VSS)' and a range of 3.3 to 10.8 mg acetate (mg VSS)' was reported. These
results should be viewed with some amount of caution since the tests were carried out in a fed-batch

system under famine conditions.

3.3 EXPERIMENTAL DESIGN AND PROCEDURES

The primary goal of this work was to provide information on the applicability of
biodenitrification for treating 100-HR-3 groundwater. Microorganisms grown in batch culture were
used to determine the effects ot various parameters and operating conditions on the denitrification
rate. The principal parameter of interest was determining it any unknown inhibitory agents that
would prevent biodenitrification from occurring were present in 100-HR-3 groundwater. All
experiments were performed at 25°C, with the exception of 1) the tests to determine temperature
dependency, 2) the large volufne denitrification, and 3) the final confirmation test that were
performed at 20°C to better represent rates that would be observed in the field. The pH of all

experiments was that of the raw groundwater, with the exception of those tests to determine the effect

-of solution pH. - The flask of composite groundwater at pH 7.0 was used as the standard to compare

all other treatments. Carbon loading was calculated based on the measured nitrate concentration
according to equation 5 or 7 in Section 3.2.2. Detailed procedures are given in Peyton and Martin
(1993). From the procedures document, Section 3.4.3 (Determining pH Dependence) is given below

ds an exam

nle,
|

[S—

Measure nitrate and nitrite concentration and pH according to methods given in Appendix A

on a composite groundwater sample made trom equal volumes of water from each of two

-2 Measyre pH in groundwater according to method given in Appendix A (Peyton and Martin

Caiculate acetate concentration required to deplete nitrate and oxygen based on Eq. 4.
Add 300 mL groundwater to six 500-mL shake tlasks.

Add 5.0 x 10™ molar phosphate hutter to all flasks.

Raise pH in two tlasks to pH 8 using sterile 1 M NaOH.

Lower pH in two flasks to pH 6 using sterile | M HCI.

17
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" Adjust pH in two tlasks to pH 7 using either sterile HCI or NaOH as required.
Sparge the liquid ot each flask with sterile helium to remove atmospheric oxygen.
Add 0.1 mL (~2 x 10° cells/mL) Hanford denitritying consortia inoculum to each tlask.
Add calculated amount of sterile acetate to each of the shake flasks.
Incubate in a dark shake chamber at 150 rpm at room temperature.
Aseptically sample each flask for nitrate, nitrite, acetate, and denitrifying cell numbers (MPN)
according to methods given in Appendix A (Peyton and Martin (1993)..
Sample at 4, 8, and 12 h.

.- Determine final pH on remaining liguid.after final sampling.

=T 1o Signifcant stailsacar diiterence (55% conindence interval) is observed in the rate or

extent of denitrification between the different pH tlasks. it will be concluded that no pH
effects were measured in the sample. In the more likely case that pH does have an effect on

--denitrification rates; data will-be-used-to determine the pH-dependency.

18
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o - — .34 EQUIPMENT AND MATERIALS

The principal piece of
test equipment was 4
. . ‘ I____———- Cap
! ; ; i - -

shaker/incubator thatis =~ s  —— Butyl Rubber
temperature controlled. This ' sopta/ Alr Seal

(Hungate seal)
was used to maintain the

chosen temperature at a

constant value throughout the

length of the tests. Custom-

. Helium Sparged
made Erlenmeyer tlasks Anaerobic Flask
(Figure 3.2) containing the
culture media were inoculated

kept at a set temperature, and

shaken at 150 rpm to ensure

Figure 3.2. Custom Made Anaerobic Flasks were used to Grow the
. comnlete mixing during the Denitritying Bacterial Culture Under Anoxic Conditions.

tndividual 1 to 2 week tests.

- == ————(ther equipment is tisted 1n Table 3.2.

3.5 SAMPLING AND ANALYSIS

.....Sampling and analysis was performed in accordance with the "100 Area Groundwater
Biodenitrification Bench-Scale Treatability Study Procedures” (Peyton and Martin 1993) with

deviations given in Section 3.7 of this document.

3.6 DATA MANAGEMENT
The QA parameters tor reproducibility ot duplicates and recovery of National Institute of
Standards Testing (NIST) nitrate standards were met before the data were accepted. Data

management was performed by entering raw analytical data into Microsoft. Excel spreadsheets.
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Table 3.1. Principle Equipment Used During the Treatability Test.

Item

Manutacturer

environmental rotary shaker

New Brunswick

ion chromatograph

Dionex

pH meter, model 250 A

Orion

gas chromatograph, 5890

Series 11

Hewlett Packard

custom anaerobic tlasks, 500

mL, Hungate-type anaerobic

Bellco, Inc.

seal

fermentor New Brunswick

autoclave Consolidated Machine Corp.
retrigerator Kenmore

environmental chamber

Bally Engineered Structures,

Inc.

balance, AE 160

Mettler

laminar tlow hood

Labconco

----......3.7 DEVIATION FROM THE WORK PLAN
Deviations from the work plan are listed below.
1. Sampling times used to monitor the experimental progress were adjusted to provide a clearer
picture of the microbial process after it was determined that the groundwater required a longer

lag phase than the SGW.

t

Only total chromium was monitored during the final confirmation tests. This was because
onmental compliance was to he based on total chromium and not on individual

concentrations of chromium (1) and (V).
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Suspended solids measurements were tried with the filters recommended by standard methods,
however, since the suspended solids concentration was so low and the total amount of sample
available for filtration was small, a tiner (0.2 micron) pored tilter was used to obtain

measurable amounts of biomass.

- -Test procedures- that called for incubating the cultures at room temperature were instead

incubated at 25°C to give better temperature controi.

4.0 RESULTS AND DISCUSSION

_This section presents the test results and discusses the implications of each result as it pertains

to the design and operation ot a pilot biodenitrification unit. Raw data are found in Appendix A.

4.1 DATA ANALYSIS AND INTERPRETATION

The test results indicate that biological denitritication is a potentially effective treatment for

removing nitrate in the 100 Area. No signiticant ditferences were found between the observed
- -denitrification rates-of SGW -and-the rates in either of the wells tested. Although the calculated
--denitrification rates are similar, cell concentration data indicate that a longer lag phase may be
--required for-the bacteria to adjust to water from well D5-15. The growth and denitrification rates
depended on pH and temperature in much the same way that has been observed and documented in
the scientitic literature. At pH 6, vne shake tlask had no growth or denitrification, while the other
flask denitrified after a lag phase. Therefore, the data shown for pH 6 are from the flask that showed

denitrification activity.

Denitrification rate constants were calculated by an integral method, using data found in

- -Appendix- A; to-reduee the variability in observed rate constants: however, the results still have a

marked standard deviation. This is in part because relatively few tests were run for each condition
and because of variability in measuring the low biomass concentrations. Because of the low biomass
-concentrations and the small amount of sample volume available, volatile suspended solids were
calculated using equation 5 for methanol and equation 7 for acetate tound in section 3.2.2.

wrefore, the average observed raie and its corresponding standard deviation will be used to compare

ditferences between observed denitrification rate constants.

™
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Figure 4.1 shows that denitrification rates in the raw groundwater tfrom wells H4-4 and D5-15
were insignificantly different than rates observed in SGW. In addition, Figure 4.1 shows the effects
of different stoichiometric ratios of acetate/nitrate and the observed denitrification rate using methano}
"HD -MeQGH")-as a carbon source.- Using methanol -as the -carbon -seurce -gave an observed rate

= —-— - gonstant that was approximately 20% lower than that using acetate, although the difference is not
statistically significant. The symbol "HD" indicates that equal volumes of water from the two sources
(wells 199-H4-4 and 199-D5-15) were mixed in a composite sample, while the symbols "2/3", "1/1",
and "3/2" indicate the acetate-to-nitrate stoichiometric ratio. Finally, Figure 4.1 shows that the
acetate-to-nitrate ratio had little effect on the denitrification rate. However, it will be shown later that

while not limiting the rate, the acetate-to-nitrate ratio did determine the extent of nitrate conversion.

Figure 4.2 shows the effects of both pH and temperature on the denitritication rate constant. It
i‘ki can be seen that pH 7 and 8 gave higher denitrification rates, while pH 6 was slower. One flask run

at pH 6 showed no denitrification, while the other tlask at pH 6 gave the slowest rates observed

during the treatability tests. Temperature had the most significant effect on denitrification rates of
any of the variables tested. At the low temperature of 15°C, the denitrification rate was 73% of the

rate at 25°C.  Overall, with the exception of the tests run at 35°C and tests run at pH 6, the average

Seiiiik iiiSedd 1 el WOIL dallly LULSIMLIR ).

~denitrification rates were fairly consistent (Table 4.1
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‘ Table 4.1. Observed Denitrification Rate Constants and Standard Deviations.
]::‘_st ‘ Carbon Type # Samples in Temperature pH Q.ia_ta Rate Constant Standard
Condition' Replicate Rate Calc. Table (mg NO,- Deviation
Flasks #’s | N/mg VSS-d)

S?*GW“’" Acetate 2 18 25°C 6.9 A.1-2 3.25 0.74
Well H4-4 Acetate 2 20 25°C ' 7.‘9-8.1 ' A.34 2.60 (.49
Well D5-15 Acetate 2. 13 25°C . 7.8-8.0 A.5-7 3.10 1.24

: |
: \
HD pH 6 Acetate 1 6 25°C 6.0 A8 1.42 0.64

|
HD pH 7 Acetate 2 17 25°C ‘7.0 A9 2.17 0.55
HD pH 8 Acetate 2 34 25C 8.0 A 10-11 2.40 0.63
HD 15T Acetate 2 10 15°C 7.8 A2 2.03 1.01
HD 23¢ Acetate 2 17 25C 7.0 A L3 2.77 0.55
HD 33C Acetate 2 11 35C 7.8 A l3 6.15 0.382
HID 2/3 Acetate 2 7 25°C 7.8 A.14 3.25 1.38
HD 1/1 Acetate 2 10 25°C 7.8 A lS 2.24 1.33
HD 3/i Acetate 2 17 25°C 7.0 A9 2.77 Q.55
HD MeOH Methanol 6 69 25°C 7.8 A 17-23 2.17 0.35

{a) = Th;e symbo

1 "HD" indicates that equal volumes of water from well 199-D3-15 and 199-H4-4 were combined for this tes.
(b) = Only one flask at pH 6.0 showed any denitrification activity.

0 A%y "£H0-SH-NA-AS-DHM
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4.1.1 Analysis of Waste Stream Characteristics
No special groundwater analytical characterization was performed as part of this treatability
test. Data available from the Hanford Environmental Information System (HEIS} database were
determined to be sufficient to perform the screening tests, although 4 more thorough characterization
- —-_.: —-should be made once a specific well or set of wells is selected for the pilot-scale tests.
4.1.2 Analysis of Treatability Study Data
Conclusions are presented in Section 2.0 of this report. Further characterization of the

contaminants of interest and some wet chemistry parameters should be made during the pilot-scale

~ treatability tests. 1t is worthwhile to note that the average measured nitrate concentrations determined
jt for raw groundwater as a result of this treatability test are in the range reported (Table 4.2) trom the
£y

_— HEIS database for well 199-H4-4 (Appendix D).

m,1
1

able 4.2, Average Nitrate Concentrations Measured in the Treatability

Test Compared to the Values trom the HEIS Database.

Measured treatability

Well HEIS database test average (mg/L)
199-D5-15 Not Reported 45.5
199-H4-4 26t0 110 81.4

4.1.2.1 Presence of Inhibitory Compounds. The primary goal of the treatability tests was to
determine if inhibitory compounds that could prevent the use of hiological denitrification as a
treatment method were present in the groundwater trom each area. The determination of inhibition
was based on the observed average specific growth rate and the denitrification rate constant. SGW
was used as a "control” to determine maximum expected denitrification rates. The composition of the
SGW is given in Table 4.3. The specitic growth rate of the bacteria is calculated as the slope of the
best-fit linear regression, on a log-linear graph, through the cell concentration data points atter the
initial 12 to 24 h lag phase. This method tor determining the specitic cellular growth rate is valid
only during the log growth phase. i.c.. the period of rapid cell growth that typically follows the lag
phase, and does not apply atter the bacterial culture has reached the stationary phase. Therefore, data

obtained during the lag or stationary phase is not used when calculating the specific growth rate.
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Table 4.3. Composition of Chemicals Added to Make

a Phosphate Buftered Simulated Groundwater®™

Compound _mg/L M
Na,S5i0,-9H,0 4.55E+02 1.60E-03
Na,CO, 1.60E+02 1.51E-03
Na,SO, 1.33E+02 9.38E-04
KGH 2.00E+01 3.57E-04

_ MgCl,-6H,0 2.15E-01 1.06E-06
CaCl,-2H,0 1.48E-02 1.00E-07
KH,PO, 6.80E +01 5.00E-04
NaCl 3.30E+01 5.65E-04
pH 7.0

(a) Based on Analysis of Sulfate and Chioride of Well 199-D5-15.
Other Trace Compounds are Based on the SGW used by Brouns et
al. 1990.

Figure 4.3 shows that the number of bacterial colony forming units (CFU) increases for
duplicate experiments in a very high phosphate buffer concentration (13,600 mg KH, PO,/L ).

Table A.1 provides CFU data. This concentration of phosphate was reduced to allow ion

--chromatographic analysis-of nitrate-and to-prevent possible caletum-or magnesium phosphate

precipitation. Subsequent SGW formulations were made as written in Table 4.3 using only 68 mg

- KH, PO/L. Figure 4.4 gives the bacterial concentration of CFU over time for SGW with 68 mg

igures 4.5 to 4.9 give CFU/mL over time for the actual groundwater (data in
A.7). It can be seen that cell concentrations increased with time under-all conditions.
Figures 4.3 and 4.5 each show a data point that was taken after the bacterial culture had reached the

stationary phase, i.e., at 101 h on both tigures. These data points were not used to calculate specific

~growth rate. - Cell concentrations appear to be lower than-expected, but may he due to cells sticking

together during the cell counting analyses. Groundwater from the 100-D area may have longer lag

phase to biodenitrification than SGW.
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The average specitic cellular growth rates and standard deviations calculated trom these growth

curves are given in Table 4.4.

Table 4.4. Calculated Average and Standard Deviation of the Observed Specific Growth Rates.

B Water source ' Average specitic growth rate |~ Standard deviation’
(1/h)
SGW ) 0.46 0.17
Well 199-H4-4 0.33 0.22
Well 199-D5-15 0.14 0.16

[t can be seen that the specific growth rate between the SGW and well 199-H4-4 decreases

_ minimally, whereas bacteria grown in water from well 199-D5-15 had a lower specitic growth rate.
As a result of the limited number of tests and variability of the test results, especially for

- well 199-D5-15, the 95.% contidence interval overlaps for all values of the average specific growth
rate. Therefore, at the 95% confidence level, none of the specitic growth rates are signiticantly

different.

Well 199-D5-15, at approximately 45 mg NO, /L, has the lowest nitrate concentration of either
well 199-H4-4 or the SGW. This, however, is not expected to be the rate limiting factor since
literature data (US EPA 1975) indicate that the rate of biodenitritication is unatfected by the nitrate
- concentration down to concentrations of approximately 9 mg/L nitrate. At 9 mg/L, the specific
growth rate is approximately 90% ot the maximum specitic growth rate. Below 9 mg/L, nutrient
limitations may become dominant in determining the denitrification rate. The Monod half-saturation
coefficient typically falls between 0.5 and | mg/L (US EPA 1993). Therefore, if significant, the
lower specitic growth rate in well 199-D5-15 may be due to some other form of inhibition. Typical
concentrations for the onset of chromium inhibition in a chromate resistant strain is near 75,000 ppb

chromium (Yamamoto et al. 1993). aithough it would likely be lower in the Hanford consortia used in
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these tests. With nitrate concentrations measured at approximately 45 mg/L, the D5-15 groundwater

is already at the nitrate performance level and may not need nitrate removal.

Figures 4.10 through 4.12 show the typical time progression of a biodenitrification experiment
for SGW (Figure 4.10), well 199-H4-4 (Figure 4.11), and well 199-D5-15 (Figure 4.12). It can be
seen that the rate of nitrate removal follows the same trend as the specific growth rate in that the
SGW denitrification rate is faster than 199-H4-4, which is faster than 199-D5-15. Dashed lines are
used where sufficient data were not obtained to accurately determine the definite time progression of

—the-concentrations and are
4.1,2.2 Carbon Limitations. The nitrate concentration performance level is 45 mg NO, /L.
Therefore, one operation scenario for a full-scale biological reactor may be to operate under carbon-
limited conditions. Tests were run to determine it carbon limitations would affect the rate of

denitrification. Figures 4.13 and 4.14 show the time dependence of the nitrate, nitrite, and acetate

concentration for different stoichiometric acetate-to-nitrate ratios. Carbon ratio data are found in

Tables A.12, A.9, and A.13 (Appendix A).
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Figure 4.3. Cellular Growth Rate in High Phosphate SGW. Raw Data are Found in Table A.1
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Figure 4.4. Cellular Growth Rate in SGW made according to Table 4.3. Plotted data are found
in Table A.2.
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Ea Figure 4.7. Cellular Growth Rate in Sample from Well 199-D5-15. Data are found in Table
A6.
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Figure 4.8. Cellular Growth Rate in Sampie trom Well 199-D3-15.  Data are Found in Table
AT,

31



WHC-SD-EN-ES-043, Rev. 0

1
1
1
1

0 12 24 36 48 60 72 84 96 108 120 132 144 156
Time {hours)

Figure 4.9. Slower growth was observed in groundwater from well 199-D5-15. Data are Found
in Table A.5.
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Figure 4.10. Typical Time Progression of Nitrate. Nitrite, and Acetate Concentrations in SGW
(Data Table A.2). Legend: s - Nitrate; ¢ - Nitrite: ® - Acetate.
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Figure 4.11. Time Progression of Nitrate, Nitrite, and Acetate Concentrations in Sample from
Well 199-H4-4 (Data Table A.4). Legend: a - Nitrate; 4 - Nitrite; W - Acetate.
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Figure 4.12. Time Progression of Nitrate, Nitrite. and Acetate Concentrations in Sample from
Well 199-D5-15 (Data Table A.7). Legend: s - Nitrate; ¢ - Nitrite; B - Acetate.
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It can be seen in Figure 4.13 that the nitrate concentration is reduced approximately two-thirds
(from 57 mg/L to 20 mg/L) during the course of the test. This was to be expected since only two-
thirds of the stoichiometrically required amount of acetate was added. Similarly, when a 1:1
stoichiometric ratio of acetate to nitrate was added to the shake flask, as shown in Figure 4.14, both
the acetate and nitrate were depleted at the same time. In Figure 4.15, a 3:2 stoichiometric ratio of
acetate to nitrate was used. This acetate to nitrate ratio consumes all the nitrate while leaving excess
acetate. It is not known why a nitrite residual occurred in this test. Since this test was run with
groundwater obtained from a different sampling period, the difterent initial nitrate concentration is

likely because of variations in groundwater sample nitrate concentrations. These tests confirm

"z{: Equation 6 in Section 3.2.2, provided enough acetate is present to denitrity the solution. In the pilot-

f,f and fuli-scale system, just enough carbon source will need to be added to reduce the nitrate and nitrite

;f* -~ -—concentrations below the performance level. This will reduce chemical operating costs and ensure
that excess organic carbon is not disposed with the process eftluent.
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Figure 4.13.  2/3 Stoichiometric Ratio Acetate Limits the Extent of
Denitrification in Composite Groundwater (Data Table A.14). Legend: a -
Nitrate; W - Acetate. Nitrite was not detected.
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Figure 4.14. 1:1 Stoichiometric Ratio Acetate in Composite Groundwater
(Data’ Table A.15). Legend: s - Nirrate: B - Acetate. Nitrite was at
Detection Limit of 1 mg/L.

Time (hours)

Figure 4.15. 3/2 Stoichiometric Ratio with Composite Groundwater has
- Excess--Acetate—-atter —All- Nitrate has been Removed (Data Table A.9).
Legend: » - Nitrate; 4 - Nitrite: B - Acetate.
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- 4.1.2.3-pH Dependence. Figure 4.16 shows the effects of different pH values on the time

progression of the nitrate concentrations. It can be seen that pH 7 removed nitrate most rapidly,
followed by pH 8 and 6. Data for pH dependence are found in Tables A.8 10 A.11. Although the
results are not included on Figure 4.16, one tlask at pH 6 did not show any denitrification activity,

indicating that pH 6 is on the limit for biological activity. This result follows a similar trend

..observed in the literature and is shown in Figure 4.17. The large volume denitrification test and the

final confirmation tests were run at the natural raw water pH to give a more representative picture of

the actual conditions, under a regime of minimal chemical addition. At the pilot-scale, provisions

" should be made in case some pH adjustment is necessary.

During the treatability tests, varying amounts of nitrite were produced. Although the detection
limit is only 1 mg/L, in many tests nitrite was not detected. However, at pH 6, nitrite concentrations

up to 59 mg/L were observed. The experiment was stopped after the nitrate concentration was

~reduced to kess tharn 1-mg/L - At this time; 34 of the nitrite produced siilt remained: inrsolution; with

only 1/4 of the nitrite degraded. Since the maximum EPA ailowable nitrite concentration is 10 mg

Z

0,/L (3.3 mg NO,-N/L) (US EPA 1971), at the pilot-scale, both nitrate and nitrite concentrations

~ wiil have to be monitored carefully to insure complete degradation. This accurnulation of nitrite at

_low_pH should not be a_problem singce the pilot-scale denitrification process will not be aperated at

pH 6 because of the low nitrate reduction rates. Nitrite degradation at pH 7 and 8 was rapid.

In addition to the tact that initial pH affects the denitrification rate, it was desirable to know
the effects that denitrification had on the tinal pH. The process of denitrification removes hydrogen
ions (H*) from solution. Therefore, the pH of a reactor will tend to go up as a resuit of
denitritication. The actual amount of increase in pH is determined by two tactors; 1) alkalinity, and
2) carbonic acid trom CO, production. The alkalinity of the 100 Area groundwater is approximately

100 mg/L as CaCQO,, giving an indication of the good butfering capacity of the groundwater. The

- rate of H' removal depends on the denitrification-rate,- while-the-carbonic acid production depends

both on the amount of denitritication and the amount of aerobic degradation present in the reactor.

" Because of the relatively fow nitrate concentrations present in'the 100 Area treatability tests, the pH

remained relatively stable, indicating a balance between carbonic acid tormation, H* removal, and

buffer capacity. This is illustrated in Figure 4.18.

36



WHC-SD-EN-ES-043, Rev. 0

Nitrate (mg/L)

Time (hours)

Figure 4.16. Time Progression of Nitrate Concentration in Composite Groundwater at pH 6, pH
7, pH 8.
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Figure 4.17. Observed Dependencies on pH plotted with data from US EPA (1975). Data are
trom Tabie 4.1.
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Figure 4.18. Initial and Final pH During Denitrification Tests. The minimum test duration shown
was 101 h.
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4.1.2.4 Temperature Dependence. Figure 4.19 shows the etfects of temperature on the time
progression of the nitrate concentration. This is a commonly observed trend for microbial reaction
rate kinetics, and follows closely the trends given in the EPA (1975) Manual for Nitrogen Control.
- The Hantford consortia appears to be slightly less sensitive to temperature than the results published
by Dawson and Murphy (1972). A value of the activation energy, E,, was obtained from modeling
analysis of the treatability test results. It is -12,000, rather than -16,800 (cal g-mol! ), although no

statistical evaluation was performed.
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15°C, (B) 25°C, and (C) 35°C. Data trom Tables A.[2, A.9, and A.13, Respectively.
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4.1.2.5 Acetate and Methanol Comparison. Acetate and methanol were compared for use as a
carbon source for running the treatability tests. Acetate was chosen as a test compound because it is
non-flammable, easy to measure, and gives good denitrification rates. Methanol is the industry

standard because of cost-benefit ratio at very large scales. Methanol, however, is flammable with a

- .- flashpoint of 52°F (13.9°C), and gives a slightly slower rate of denitrification (Figure 4.20). The

flashpoint of acetic acid is listed on the material safety data sheets (MSDS) as 103°F (39°C).

The February 22, 1993, Chemical Marketing Reporter indicates that the price of methanol was
$0.154/Kg methanol, and acetate was $0.727/Kg acetic acid. Acetate is the deprotonized form of
acetic acid. Calculations based on the stoichiometric ratio of each carbon source indicates that the
cost for nitrate removal with methanol would be $0.086/Kg nitrate, whereas the cost for acetate
would be $0.599/Kg nitrate. The cost ratio of these two carbon sources is 6.96, indicating that
acetate would be nearly seven times more expensive in raw chemical costs as compared to methanoi.
Because of the relatively small amount of nitrate present in the groundwater, however, this cost ratio

may be somewhat misleading. Estimated raw chemical costs were caiculated for a nitrate removal of

- 40 mg NOy/L at four process tlow rates (Table 4.5).
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Figure 4.20.  Nitrate Removal over Time with Acetate and Methanol in Composite

- Groundwater.. Data found in Table A9 and A 17, Respectively.
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Table 4.5. Estimated Annual Raw Chemical Costs for Alternative Carbon

Sources (Acetate and Methanol) with Process Flow Rate.

Flow rate (gpm) Cost for_acetate Cost for methanol
1000 47,600 6,830
100.... 4,760 683
10 476 68
1 - 48 : 7

-

Although Table 4.5 was not adjusted tor volume discounts and handling costs, it can be seen

-that at a very large scale (1,000 gpm) significant savings could be achieved using methanol, but at

smaller scales the savings become less with regard to the costs for the rest of the project and the

required significant increase in safety considerations for the use of methanol. To obtain more

* information on the Hanford consortia’s response to methanol, the two tinal tests (large volume

denitrification and final confirmation tests) were run using methanol as the carbon source.

4.1.2.6 Large Volume Denitrification for Chemical Precipitation. This test was run at 20°C and the

~natural pH of 7.8, and the denitrified water was transterred to WHC for turther testing of metals

removal processes. Methanol was used as the carbon source because of the potential for significant

savings in operating costs at a very large scale. The pH was monitored and after a few days was

Tound to vary between 7.0 and 7.1 This drop in pH is probabiy the result of carbon dioxide
solubility. This explanation is further supported by the fact that subsequent sparging of the solution

with helium raised the pH to 7.9.

The large amount of méthanol required to denitrity the groundwater (Figure 4.21) is likely the
result of oxygen leakage into the fermentor. The stoichiometry of nitrate to methanol removal in the
large volume test is much less than observed in either the methanol tests or the tinal confirmation

tests. Pilot-scale equipment should be designed to minimize the amount of oxygen entering the
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Figure 4.21. The Large Volume Denitrification Fermentor had Significant Oxygen Leaks,
Causing Much More Methanol to be Required for Nitrate Removal in Composite Groundwater
{(Data Table A.16).

4.1.2.7 Final Confirmation Testing. In Figure 4,22, data for methanol, nitrate, and nitrite are shown
tor all six replicate flasks (from data Tables A.19 to A .23, Appendix A). The scatter for nitrate and
nitrite removal is typical for biological tests: however. the larger scatter for the methanol data is
--probably Tepresentative of oxygem teaks imsome tlasks. ~The probability of an oxygen leak was
increased by the frequency of sampling and the removed sample size. It can be seen in Figure 4,22
that the flasks were sampled quite frequently. It should also be noted that the sample volume required
by the external lab was four times higher than what was required for our internal analyses. These
tests confirm the results obtained in the earlier methanol tests and provide kinetic data to design a

pilot-scale nitrate treatment unit.
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Figure 4.22. Final Confirmation Test Data on Composite Groundwater Scatter-plot for Six Replicate

Flasks. Data Found in Tables A. 19 t0 A.23.
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- guspended solids measurements -than: the methods typically-used to exammiie- wasiewater,

- 3.1-mg/L:-The observed
" therefore (9.0 mg TSS/LY(45 mg NO./L) or 0.2 + 0.066 mg TSS/mg NO,. Raw suspended solids
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Radionuclide removal data are given in Table B.1 (Appendix B). Gross alpha levels were

_reduced from an average of 7.2 pCi/L to 5.4 pCi/L, indicating a 25% reduction in gross alpha.

Because of few samples, the confidence interval is large around each average. The 68% contidence
interval for the value 7.2 is from 9.05 to 5.35 pCi/L. For the 5.4 value, the confidence interval is
from 6.95 to 3.85 pCi/L. Therefore, the data obtained on gross alpha do not show a statistically
significant removal at the 68% confidence level. Although the biological removal of gross alpha
emitters from the groundwater appears promising even with the very low biomass concentrations,
more measurements will need to be made at the pilot-scaie to determine if the reduction is significant.
Gross beta levels were only reduced an average of 2.5%, dropping trom an average 31.05 to

30.25 pCi/L, indicating that very little reduction was observed. The signiticance of this result must
also be taken cautiously since few measurements were made in the determination, and the biomass

concentration was so low that it would be ditficult to measure a change in the radionuclide

concentrations.

The measurement of total suspended solids was made using a 0.2 micrometer filter, rather than
the larger pore standard glass fiber filters, because the final biomass concentration was undetectable
using the larger pore filters. Suspended solids data and qualitative observations regarding settling and

filtration are given in Appendix C. Measurements using this method will give higher values for the

s e L I PO L
1 ErCI01e,

the results given here should be viewed as the maximum biomass production from the degradation of
nitrate. The average suspended solids concentration was 9.0 mg/L with a standard deviation of

biomass yield for denitrification with methanol as a carbon source is

data are given in Table C.1.
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4.1.3 Comparison to Test Objectives

.- ,,,,,,,,,,,}.,,

Specific test objectives are listed below:

—Determine if inhibitory compounds are present - Because the 100 Area groundwater may
--contain-compounds that- inhibit microbial denitrification, tests were run- to determine if the rate

and extent of denitrification in the groundwater was comparable to the rates commonly
expected. This objective was accomplished by comparing denitrification and growth rates in
100-HR-3 groundwater to rates in a SGW under identical conditions. While the growth rates

- in raw groundwater were not as high as those observed in the SGW, denitrification rates were

sufficient to reduce nitrate concenirations to below the performance levels,

Determine the extent to which carbon limitations affect denitrification - This was done to
ensure that nitrate was indeed the rate limiting nutrient and to determine the effects of carbon
limitations on denitrification rates. Since the MCL for nitrate is 45 mg/L, a pilot-scale system
may be operated in a carbon limited manner and still remove enough nitrate to eftectively
remediate the effluent water, although careful measurement and control of nitrite will be
required. The extent of denitrification behaved as expected based on the reaction

" stoichiometi'y, and the rates were not atfected by having a carbon-timited; rather than a nitrate-

limited, environment.

Determine denitrification rates at pH values 6, 7, and 8 - The biochemical reactions for

- - biodenitrification results in-an increase-inthe-solution pH. Depending on the buffering

capacity of the groundwater, this increase may be large or small and may affect denitrification

‘rates. Im addition, information on the eftect of pH on denitrification rates may play a

significant role in integrating chemical and biological treatment at this site since pH control
plays-an impertant Tole in chemical -precipitation: -Initial-measuremenis of groundwater pH
were between 7.6 and 8.0. An effect of pH on the maximum growth rate was observed. At
pH 6, the specific growth rates were approximately one-half that of pH 7. In unbuffered

. groundwater, the change in pH in these tests was very small becanse of the low nitrate

concentrations. At this time it cannot be determined if pH adjustment would be more or less
cost effective than potential increased equipment sizing.

Determine the effect of temperature on the rate of denitritication - Even with a relatively stable
groundwater temperature, an ex-situ process at the Hanford Site may expect certain
temperature tluctuations throughout the year. This objective, specifically, was to determine
denitrification rates at 15°C, 25°C."and 35°C. Generic rate expressions that account for the
effect of temperature on denitrification rates exist. but the constants should be verified under
site-specific conditions. The groundwater temperature in the 100 Area was typically in the
range 17 to 20°C. The growth rate of the Hanford consortia appears to depend on temperature
slightly less than limited literature data suggest. A value for the activation energy in the
Arrehenius Equation, E,, of -16,800 (cal/gmole) given by Dawson and Murphy (1972), is
slightly lower than the value near -12,000 obtained from this data.

Determine carbon source and dosage - The role of the carbon source is important in
determining denitrification and biomass production rates. The carbon sources that were
Compared-are acetate and methanoi. Methanoi 1s ar industry standard because of its cost, but
aceiate gives faster denitrification rates. Dosage was determined by analyzing observed yield
values after removing nitrate and producing biomass. The desirable carbon source would be

inexpensive and support a high denitrification rate while producing a small amount of biomass.
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“moemee - nitial-dosage was determined from Equation 5 or6. - These tests gave data to predict the
amount of carbon source required to remove a specific amount of nitrate from groundwater,
Both carbon sources gave good denitrification rates, although acetate gives faster
denitrification. Cost and safety issues will still need to be determined before the pilot-scale
treatment process.

Final confirmation tests and their results are listed below:

1. Confirm that performance levels could be met - A final set of integrated batch tests were
performed to evaluate the site-specific reaction rate kinetics and confirm that denitrification
could reach the desired performance levels of 45 mg/L in 100 Area groundwater. These tests
showed that biodenitrification could reduce nitrate concentrations far below the 45 mg/L.

2. Determine the amount of chromium and radionuclide adsorption to biomass - Although some

.. _..information is available on the extent of chromium uptake hy the Hanford denitrifying
consortia, the information on the extent of radionuclide adsorption is limited. Radionuclide

. ._.removal in the form of gross alpha and beta gave mixed results, A removal of 25% of gross
alpha appears promising, though 2.5% for gross beta is not. The statistical significance of the
removali for gross alpha is low due to the relatively few samples and very low biomass
concentrations. The measured reduction of 15 pug/L (1.5%) for chromium was from 990 + 80
to 975 + 80 pg/L. In both the radionuclide and chromium data, contaminant reductions are
not statistically significant.

--3.--- -Recommend bicreactor types-for pilot-scale-tests - Bioreactor types that should be evaluated at
the pilot-scale are recommended based on denitrification rates observed in these tests. The
recommendation does not include information about costs. For simplicity to build and operate,
and because of the relatively low amounts ot nitrate to be removed, either a fluidized bed
reactor or a packed bed reactor is recommended (see Section 4.1.4 for details).

4.1.4 Recommended Biodenitrification Reactor Designs

Two basic types of continuous biological reactors can be used to remove nitrate from a
groundwater stream: 1) suspended growth and 2) tixed film. In a suspended-growth reactor, nearly
all microorganisms are free-floating in the liquid phase. This reactor type is more sensitive to both
chemical and hydraulic "shocks" since the microbes can be completely washed out of the system.

- - - Mest suspended-growth systems-are operated-in-the form of-an activated sludge process, whereby

concentrations. Suspended-growth reactors do not require periodic backwashing and are easy to
...-operate it relatively.stable conditions are expected,. and viable biomass can he readily separated for
To T recyching Suspended-growth systems have a ower biomass concentration afid therefore typicaily

require a larger hydraulic retention time than fixed-tilm reactors.
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A fixed-film system is a biological reactor that has biomass attached to some type of solid
support media. Three typical tixed-tilm contigurations include 1) deep-bed filters, 2) rotating
biological contactors (RBC), and 3) fluidized bed reactors (FBR). Each fixed-tilm reactor

configuration has certain advantages and disadvantages.

Deep-bed filters are columns packed with an inert packing material. Microbes attach to the
material while at the same time nitrate containing water is passed through the packed bed. The
advantages are that few moving parts are required and efficient nitrate removal can be achieved.
Disadvantages are that the unit requires periodic backwashing to maintain open flow channels for the
water to pass through and to prevent plugging of the column. Biomass that detaches from the solid
media can plug the flow channels causing "short-circuiting” or channeling of the process stream.

This channeling causes the mean liquid residence time of the reactor to decrease, and contaminant

e breakthrough can occur. For continuous operation, the requirement for periodic backwashing can

mean that the reactor must be taken off-line. In this case, a second deep-bed filter is required to

maintain contimious operation.

Rotating biological contactors are reactors composed of liquid holding tanks with shaft-
mounted rotating disks tor microbial attachment. The rotation of the disk mixes the liquid for
ncreased mass transfer to the attached tilm. The RBC’s do not suffer from problems of channeling,

_ but do require some type of biofilm removal. This is usually achieved on a contimous basis with
some type of scraper arrangement to physically remove the biotilm after it has reached a
comne eow - - DTedetermined- thigkness.~ Fluidized. bed reacrors have the sume-advantages as a deep bed filter
emeeremeeeoe —.— - Without the problems.associated with channeling and plugging. This is because the packing material
is "fluidized” or suspended by the force of water moving upwards through the reactor.. An FBR has
good mixing characteristics and has the fastest denitritication rate per unit reactor volume.
Disadvantages include a more technical start-up period to achieve good tluidization and the added

equipment required to separate entrained solids from attached biomass.

Guidance from the 100-HR-3 Groundwater Treatability Test Plan (DOE/RL-92-73)
recommends a pilot-scale process tlow rate of | to 5 gpm. so only continuous tlow biological reactors
are addressed here. A hybrid reactor. called a sequencing barch reactor (SBR) could be used at the
pilot scale and should be addressed. The SBR is filled with contaminated liquid, allowed to react tor

~_a set period of time, and then emptied after the contaminant concentration has been reduced to an

'
~l



acceptable level. This is the SBR process cycle. Typically, SBR’s are used for high concentrations
of slowly reacting species. This allows more control over the process. A disadvantage of this is that

fast process cycling requires more attention than comparable continuous processes. Because of this,

drinking water standard. A typical SBR process cycle is on the order of 12 to 48 h. The cycle
includes the following steps: fill with liquid, react to degrade contaminant, settle biomass, decant
clean effluent. Then the cycle starts again. For a process flow rate of the recommended 1 to 5 gpm,

a 12-h cycle time would require two 720- to 3,600-gal reactors. If the pilot- or full-scale chromium

- - removal proeess-were to-be operated -asa batch process, then an SBR may be beneficial.

In summary, based on the relatively low nitrate concentrations found in the 100 Area operable
--.-unit, -a-fixed-tilm.reactor system is-recommended. for further pilot-scale studies. - For. simplicity, a

deep-bed fixed tilm reactor with an open (very porous) packing is recommended.

4.2 QUALITY ASSURANCE/QUALITY CONTROL
The goal of this project is to provide quality data to aid in designing a pilot-scale
denitrification and chromium removal facility. Every effort was made to meet both the spirit and the

letter of the existing QA requirements. The guiding document for this etfort is the Quality Assurance

Project Plan (QAPjP) given in Appendix B of the "100 Area Groundwater Bench-Scale Treatability
Study Procedures” (Peyton and Martin 1993).

_ . The data quality objectives (DQQ) _tound in Tabie 4 6 were formulated using the definitions

found in Section 4.2.1.

4.2.1 Data Quality Objectives Definitions
For measurements where standard reference materials (SRM) were used, percent recovery was

calculated.
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S
%R = 100 x (14)
Csa
where
oz. = narrant TarnNuvery
AU LN PUA i ddL .l\f\rUV\r.l.J'
S = measured concentration in aliquot
C = actual concentration of reference material

B

For this project, measures of analytical precision were determined by analyzing laboratory duplicates.

Laboratory duplicates were prepared by homogenizing and splitting a sample in the laboratory and

--then carrying the subsamples through the entire analytical process. - Precision can be- expressed in

terms of the relative percent ditference (RPD).
RED {G-G) 100 ey
PD
(C,+C,) /2] )
where

RPD = relative percent ditference
C, = larger of the two observed values
C, = smaller of the two observed values

A measure of the amount of valid data obtained from a measurement system compared to the amount

-+

hat-was expected-to be-obtained-under normal conditions is defined as the completeness of the data.

e

$C = 100 x < (16)
n
where
V= Number of Valid Data Points Acquired
n = Total Number ot Data Points
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...~ .The detection limit. is.the minimum concentration of a substance that could be measured and reported.
Method Detection Limit (MDL) is the minimum concentration ot a substance that can be identified,
measured, and reported with 99% contidence that the analyte concentration is greater than zero. The

detection limits were lower than the performance levels stated in the 100-HR-3 Groundwater

Treatability Test Plan, Table 1.2.

The MDL is defined as follows:

MDL =t jumooy = S (17)
where
MDL = method detection limit
S = standard deviation of the replicate analyses
ot 1am0.99) = Students’ t-value appropriate to 4 99% confidence level and a

standard deviation estimate with n-1 degrees of treedom

4.2.2 Observed Data Quality
The data quality objectives found in Table 4.6 were designed so that gross errors in data
- —guahiy woold tait vuiside the range for relative percent difference and percent recovery. " Actuai data

were of much higher accuracy and precision.

The most important parameter to this study, nitrate, had a relative percent ditference of
approximately 5 to 10% at concentrations above 20 mg/L.. The percent recovery (%R) for an NIST
----—- ---standard of 10 mg/L were in-the range vt 90-H0% - -A-comparison of nitrate and nitrite
concentrations measured in our lab and at the PNL 325 lab is found in Table B.2. Percent
completion is greater than 100% since many more samples were analyzed than had been originally

planned for.
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Table 4.6. Data quality objectives for samples. References are listed at tléle bottom.

Analyte or parameter EPA Analytical Detect. Units of | RPD (%) i%R Completion
{measurement method) “level method ~ limit measure (%)
Temperature [ Method 170.1 NA °C <20 INA 90
(Thermometric) ' Ret. 1
pH 1| Method 9040 NA | pHunits | <20 NA 90
{Electrometric) | Ref. 2
Methanol . 11 Method in Test NA mg/L <40 50-150 75
(gas (‘hrnnmtngrﬁph:y) Procedure

o Appen. A
Acetate u | sop # i mg/L <40 50-150 75
(fon Chromatography) 93-BR6-0001
Nitrate i SOP # | mg/L <40 50-150 75
(lon Chromatography) 93-BR6-0001
Nitrite Hl SOP # 1 mg/L <40 50-150 75
(Ion Chromatography) 93-BR6-0001

0 "A%Y¥ "t#0-SA-NA-AS-OHM
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Table 4.6. (cont:). Data quality objectives for samples.

Analyte or parameter EPA | Analytical Detect. Units of | RPD (%) ' %R Completion
(measurement method) . level | methdd limit measure (%)
Total Suspended Solids 11 Method 2540 NA mg/L <40 NA 75
| Ref. 3 !
Total Volatile Solids i Method 2540 NA mg/1. <40 NA 75
Ref. 3 :
Gross Alpha I PNL-ALO-460 10 pCi/L <40 50- 150 75
PNL-ALQO-461
| Gross Beta 111 PNL-ALO-462 30 pCi/L. <40 50- 150 75
PNL-ALO-463
Bacterial Numbers (MPN) 1l Mcth{:;»d 47-§ 1000 Bacterial 10-1000 MNA 75
Ret. § moditied Number
for Durham tube
’ confirmation.
Chromium (VI) 111 PNL-ALO-227 100 pg/L <40 50- 75
I (Colorometric) 150%

0 'A% “€v0-ST-NI-dS-DOHM
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Table 4.6. (cont.). Data quality objectives for samples.

Analyte or parameter EPA Analytical Detect. Units of | RPD (%) | | %R Completion |,
| (measurement method) level method limit measure (%) !
| Chromium, Total m PNL-ALO-211 50 g/l <40 | 50-150% 75

(Atomic Absorption) g

I- U.S. Environmental Protection Agency. Methods for the Chemical Analysis of Water and Wastes. EPA-600/4-79-020. March 1983.

2- U.S. Environmental Protection Agency. Test Methods tor Evaluating Sotid Waste. Third Edition. SW-846, 1986.

3- Standard Methods for the Examination of Water and Wastewater. LS Clesceri, AE Greenberg, and RR Trussel (Eds.), 17th Edition,

., 1989,

4- Found in PNL-MA-567 Analytical Chemistry Laboratory (ACL) Procedure Compendium Vol. 111 and Vol. V.

5- Methods of Soil Analysis, Part 2 - Chemical and Microbiological Properties, Second Edition, A.L. Page, R.H Miller, and D.R. Keeney
{Eds.). American Society of Agronomy, Inc.. Madison, Wisconson, 1982,

NA - Not Applicable

0 "A9Y "€v0-SH-NH-AS-OHM
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Explanation of Column Headings and Symbols used in the Tables in Appendix A.

NQ,._ .._..__The standard chemical symbol for nitrate
NO, The standard chemical symbol for nitrite
CFU Stands for "most probable number of bacterial colony forming units. "

QA Sample This column heading was used to indicate that this sample was a replicate of another
_sample, and could be used to calculate the quality assurance relative percent difference

- ke

paraimeier.
- Indicates that a sample was not taken or analyzed.

- ND- . Indicates that the analyte was "Not_Detected”. or_that the concentration was below the
method detection limit.
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" “Table A.1. SGW inhibition Test i, Replicates | and 2. See Comment Below Regarding Phosphate
Concentration of this Test.

Tiine NG, NG, Acetate CFU QA
() - (mg/l) - (mg/L) - (mg/L) - (#mL) Sample Sampie ID

Replicate 1

4 --- --- --- 9.3E+02 --- 54999-12-S-3

8 -—- - -—- 1.7E4+03  --- 54999-12-S-5

12 - e - 1.6E4+04 --- 54999-12-S-7

101 --- --- --- 3.5E+06 - 54999-12-8-9
oy Replicate 2

4 --- --- --- 2.5E+03 - 54999-14-5-3

g e s - ASE+H3 o -54999-14-5-3

12 --- -- - 1.6E+06 --- 54999-14-S-7

101 -—- —- --- 3.5E+06 - 54999-14-S-9

Comments: These data were used to make Figure 4.3, which shows CFU increases in a
very high phosphate buffer concentration (13,600 mg KH, PO,/L ). This concentration of
phosphate was reduced to allow ion chromatographic analysis of nitrate and to prevent
possible calcium or magnesium phosphate precipitation. Subsequent SGW formulations were
made as written in Table 4.6 using only 68 mg KH, PO,/L.

A-2
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Table A.2, SGW Inhibition Test 2, Replicates 1 and 2.

Time

()
Replicate 1

0
12
14
16
18
20
22
24
24
38

284

NO,
(mg/L)

67.4
66.45
66.2
65.65

&85 8
UJ.O

65.41
65.41

_ 65.3
64.65 ...

11 AR
L1.%0

ND

Replicate 2

0
12
14

16
18

22
24
24
38
284

71.04
69.74
69.09
68.66

_68.16

67.37
67.03
65.44

72.42

22.84
ND

ND
ND
ND
ND

NI o L
INLY

ND

ND

03 _
- 0.4

37.4

ND

ND
ND
ND
ND
ND
ND

"ND

ND

ND
27.84
18.36

Acetate CFU
(mg/L) (#/mL)
100.53 2.20E+03
94.00 1.30E+03
92.85 -
90.90 1.10E+03
-89.50 ---
88.83 3.50E+4+04
91.29 -
.83.42  _ _2.60E405.
83,83 .. 1.70E+04
68.79 -—-
41.42 ---
102.37 4. 50E+02
99.48
93.69 ---
00.85 3.30E+03
0037
89.83 3.30E+03
83.94 -
75.92 2.40E+04
S 20 B AR
33.13 —
3.66

A-3

QA

Sample Sample ID

54999-32-§-1
54999-32-S-2
54999-32-5-3
54999-32-5-4
54999-32-8-5
54999-32-S-6
54999-32-S-7
54999-32-5-9
54999-32-S-8
54999-32-5-10
54999-32-8-11

54999-34-5-1
54999-34-5-2
54999-34-S-3
54999-34-5-4
54999-34-S-5
54999-34-5-6
54999-34-S-7
54999-34-5-8
54999-34-8-9
54999-34-5-10
54999-34-5-11
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Table A.3. H4-4 Inhibition Test 1, Replicates | and 2.

Replicate 1 .

~ Time "NO;, NO, Acetate CFU QA

(h) mg/L {mg/L) (mg/L) /ml Sample Sample ID

0 62.23 1.69 79.76 --- ~-- 5499-8-H-1

2 61.88 2.13 79.58 - - 5499-8-H-2

4 62.13 1.67 78.55 3.30E+03 YES  5499-8-H-3

4 61.85 1.25 72.64 --- YES  5499-8-H-8

6 61.99 1.08 74.84 --- --- 5499-8-H-4

8 62.12 0.82 75.04 3.30E+03 --- 5499-8-H-5

e 10 61.75 - ~ND 77.95 - - 5499-8-H-6
. 12 61.5 2.87 71.33 3.50E+05 5499-8-H-7
ot 101 49.81 - - 5.40E+06 --- 5499-8-H-9
e 146 49.39 0.32 - - --- 5499-8-H-10
3 173 49.19 0.32 5499-8-H-11
i 199 49.29 0.41 --- --- 5499-8-H-12
B 263 50.12 4.63 --- 5499-8-H-13

Replicate 2

0 61.79 1.28 78.66 --- - 5499-10-H-1
2 61.8 0.83 78.34 --- - 5499-10-H-2
4 61.96 1.04 76.49 2.40E+04 - 5499-10-H-3
6 61.82 0.97 79.28 --- - 5499-10-H-4
8 61.65 0.81 78.41 2.20E+0s YES  5499-10-H-5
8 61.69 0.82 74.8 [.70E+04 YES  5499-10-H-8
10 61.7 0.92 78.32 - --- 5499-10-H-6
-2 ~61.18 294 - 775 5.40E+05 - ==~ 5499-10-H-7

COMMENTS: Although these data are labeled an inhibitory test, the test was run before
- 1Initiating-adding phosphate to the media to cnsure that there were no phosphate limitations.
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... Table A.4, H4-4 Inhibition Test 2, Replicates 1 and 2.

Time NO, NO, Acetate CFU QA
(h) (mg/L) (mg/L) (mg/L} (#/mL) Sample Sample [D

Replicate 1

0 94.24 ND 89.24 2.00E+02 --- 54999-28-H-1
12 92.95 ND 84.23 4.00E+02 --- 54999-28-H-2
14 92.4 ND 84.47 -~ - 54999-28-H-3
16 92.39 ND 83.06 3.20E+03 - 54999-28-H-4
18 92.17 ND 83.22 - - 54999-28-H-5
e 20 92.69 ND 76.81 2.10E+04 YES  54999-28-H-9
f;— 20 91.96 ND 82.48 3.90E+03 YES  54999-28-H-6
Ty 22 91.75 0.35 82.48 --- 54999-28-H-7
24 91.35 0.67 76.54 1.40E+05 -~ 54999-28-H-8
: 38 65.05 24.72 78.93 --- --- 54999-28-H-10
284 ND ND 12.4 --- - 54999-28-H-11

Replicate 2

0 93.67 ND 90.01 1.30E+03 --- 54999-30-H-1
12 91.18 ND - 80.71 2.10E+04 --- 54999-30-H-2
14 90.46 ND 75 -—- --- 54999-30-H-3
16 90.39 ND 72.61 3.30E+04 --- 54999-30-H-4
18 89.88 ND 71.63 --- - 54999-30-H-5
20 89.75 0.2 73.42 1.70E+05 YES  54999-30-H-6
20 89.18 0.24 64.21 --- YES  54999-30-H-9
22 - 8971 - 0.24 72.84 --- --- 54999-30-H-7
24 86.33 0.48 65.54 2.50E+03 -—- 54999-30-H-8
38 83.08 5.08 65.24 --- --- 54999-30-H-10

284 ND 12.43 5.77 --- --- 54999-30-H-11

COMMENTS: Two plots are shown: 1) with the full data set to 288 h, and 2) data plotted
in the standard 156 h format.

A-3
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Table A.5. D5-15 Inhibition Test 1, Replicates 1 and 2.

Replicate 1

- Time - ~NOy
L}i}- TR mhIIL‘

0 47.44
2 45.75
2 47.22
4 45.95
6 47.23
8 47.33
10 47.38
12 47.25
101 37.87
146 37.67
173 37.54
199 37.55
263 37.66

"~ Replicate 2

47.21
47.28
48.15

47.28
47.29
47.12
47.01

-37.50

37.23
37.27
37.25
37.21

WO WR RO E O

ONND ] P D —

7.14

- NO,.
N imgff}-’i e

L.11
1.53
1.39
1.16

L6 - -

0.80
0.93
1.40

Acetate

,img’n’L\

65.02
63.65
61.97
62.72

& 1&
J.1lJ

63.32
62.17
58.96

67.03
67.14
65.95

62.44

66.20
67.06
63.96
63.12

Sample Sample ID

CFU QA
f# T
\rr/iitL.y
YES
YES
[.30E+03 -
7.90E+03
4.90E+03
310E+04 -
1.70E+04  YES
330403 " YES
7.00E+03 -—-
220E403 -

54999-4-D-1
54999-4-D-2
54999-4-D-8
54999-4-D-3
54999-4-D-4
54999-4-D-5
54999-4-D-6
54999-4-D-7
54999-4-D-9
54999-4-D-10
54999-4-D-11
54999-4-D-12
54999-4-D-13

54999-6-D-1
54999-6-D-2
54999-6-D-3

* 54999-6-D-8

54999-6-D-4
54999-6-D-5
54999-6-D-6
54999-6-D-7

+54999-6-D-9

54999-6-D-10
54999-6-D-11
54999-6-D-12
54999-6-D-13
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Table A.6. D5-15 Inhibition Test 2, Replicates 1 and 2.

Time NG,
(h) (mg/L)

Replicate 1

- T 0 4885
2 48.41
- —14 48.2
14 47.98
16 48.13
e 18 47.86
20 47.53
By 22 47.53
. 24 47.14
; 38 46.76
263 ND

Replicate 2

0 48.55
12 48.17
14 47.33
16 47.36
— - 16 47.2
18 46.95
20 46.55
S 22 46.64
24 46.19
38 46.28
284 ND

NO, Acetate CFU
(mg/L) (mg/L) (#/mL)
ND 92.83 LT
ND 90.34 6.10E+02
ND- —-89.64 - .-

ND 83.00 -

ND _88.61  _  2.10E+03
ND 87.88 -~

ND 84.09 1.40E+04
ND 86.32 -

ND 81.96 1.70E+04
0.28 85.69 -

ND 51.32 -

ND 86.96 6.80E+02
ND 87.62 1.10E+03
ND 82.72 ---

ND 83.42 4 90E+03
ND 77.33 -

ND 81.02

ND 79.83 3.90E+03
ND 80.28

ND _ . _T75.19 1.70E+04
ND 78.54 -

ND 44,8

- INDI

QA

Sample Sample ID

54999-24-D-1
54999-24-D-2
54999-24-D-3
54699-24-D-9
54999-24-D-4
54999-24-D-5
54999-24-D-6
54999-24-D-7
54999-24-D-8
54999-24-D-10
54999-24-D-11

54999-26-D-1
54999-26-D-2
54999-26-D-3
54999-26-D-4
54999-26-D-9
54999-26-D-5
54999-26-D-6
54999-26-D-7
54999-26-D-8
54999-26-D-10

~54999-26-D-11

COMMENTS:; _Noise in_the acetate data is compounded by plotting both sets of replicate

data on the same plot.
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Table A.7. D5-15 Inhibition Test 3, Replicates 1 and 2.

Replicate 2

Time NO,
(h) (mg/L)
Replicate 1
- 0--.. 5112
24 50.94
48 42.72
64 33.49
" 72 31.09
88 25.46
56 23.33
164 9.33

-9 51.3
24 51.1
48 31.30
64 8.46
64 8.55
72 ND
88 ND
96 ND
164 ND

NO, Acetate CFU
(mg/L) {mg/L} {(#/mL)
ND 78.51 -
ND- - —~77.80- - 6.10E+02
0.75 60.58 -
0.65 51.31 -
0.73 45.81 2. 10E+03
0.44 30.84 -

- 010 2648 1.40e+04" -
ND 3.56 -
NB:-- - 78.52 6:86E+62 -- -
ND 77.54 1.10E+03
ND 55.40 ---
ND 35.95 4.90E+03
“ND -35.83 ---
ND 28.45 ---
ND 30.66 -—-
ND 30.65 3.90e+03
ND 31.20 ---

A-8

QA

Sample Sample D

54999-66-D-1

4999-66-D-2
54999-66-D-3
54999-66-D-4
54999-66-D-5
54999-66-D-6
54599-66-D-7
54999-66-D-8

SAQONGND £0 Ty 1
JHFFZ-U0-LI-1

54999-68-D-2
54999-68-D-3
54999-68-D-4

© 54999-68-D-10

54999-68-D-5
54999-68-D-6
54999-68-D-7
54999-68-D-8
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Table A.8. Composite Sample - pH 6, Replicate 1 and 2.

Time NQ. . .

(h) (mg/L)

Replicate 1

0 81.19
12. 81.42.
18 81.64
24 -
26 81.64
30 80.06
35 ©79.81 - 0.
43 80.01
47 “—-
R 3| 75.68
T T 86 T 0.1

0 79.85
12 81.06
8 80.11
24
26
26 __80.22
30 80.76
35 80.23
43 80.83
Y by A ——
51 80.77
86 80.43

4.50E+02
[.00E+00

1.00E+00

5.40E+06

4.50E+02
[.00E+00

2.00E+02
t.00E+00

A-9

QA

Sample Sample [D

54999-52-HD-1
54999-52-HD-2
54999-52-HD-5
54999-52-HD-8
54999-52-HD-10
54999-52-HD-12
54999-52-HD-14
54999-52-HD-16
54999-52-HD-17
54999-52-HD-18
54999-52-HD-20

54999-54-HD-1
54999-54-HD-2
54999-54-HD-5

34999-54-HD-8

54999-54-HD-9

54999-34-HD-10
54999-54-HD-12
54999-54-HD-14
54999-54-HD-16
54999-54-HD-17
54999-54-HD-18
54999-54-HD-20



Table A.9. Composite Sample - pH 7, Replicates | and 2.

Time
[(1)]

Replicate 1

0
12
18
24
26
30
35
43
47—
51

86

Danl
1

+
NG (%

;f\"l =1
nake

12
18
24
26
30
35
43

A7
=/

51
36

(mg/L)

82.08

80.65 ~ ND

80.38

78.37
77.57
75.86
72.56
49.33
0.34

2
&

81.66

80.79
80

77.76
78.91

75.81
66.88

12.96

ND

—

WHC-SD-EN-ES-043, Rev. 0

CFU

(#/ml)

4.50E+02

- 1.00E+03

3.50E+05

o3
)
o
+
o
3

7.80E+02
3.50E+04

3.50E+05

<o

Sample Sampie [D

54999-48-HD-1
54999-48-HD-2
54999-48-HD-5
54999-48-HD-8
54999-48-HD-10
54999-48-HD-12
54999-48-HD-14
54999-48-HD-16
34999-48-HD-17
54999-48-HD-18
54999-48-HD-20

54999-50-HD-1
54999-50-HD-2

54999-50-HD-5

54999-50-HD-8

54999-50-HD-10
54999-50-HD-12
54999-50-HD- 14
54999-50-HD-16
54999-50-HD-17
54999-50-HD-18
54999-50-HD-20
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Table A.10. Composite Sample - pH &, Replicate 1.

~—-—Time--- NO; - NO, - - Acetate --- CFU - QA
(hy mg/L (mg/L) mg/L (#/mL) Sample Sample D

0 78.73 ND 77.24 4.50E+02 - 54999-46-HD-1{

12 77.03 ND 72.17 1.70E+04 -—- 54999-46-HD-2

14 76.79 ND 82.8 --- - 54999-46-HD-3

16 76.73 ND 82.26 - - 54999-46-HD-4

18 76.63 ND 68.37 - --- 54999-46-HD-5

20 76.41 0.21 81.1 -—- --- 54999-46-HD-6

22 76.62 0.21 80.67 --- --- 54999-46-HD-7

24 76.65 0.21 81.49 1.60E+05 - 54999-46-HD-8

o= T6.74 0.21 82.17 --- -—- 54999-46-HD-9
26 75.58 0.21 78.62 --- -—- 54999-46-HD-10
28 75.94 0.21 78.76 - --- 54999-46-HD-11
30 75.58 0.21 80.27 --- --- 54999-46-HD-12
vl 32 75.85 0.43 79.56 --- --- 54999-46-HD-13
& 35 75.06 0.53 77.37 -—- YES  54999-46-HD-14
35 7520 0 0.42 77.80 -—- ~ YES ~54999-46-HD-19
39 74.09 0.75 76.74 -—- --- 54999-46-HD-15
43 72.52 1.07 77.52 — --- 54999-46-HD-16
T 47 777076 7 1.43 T 76.24 "1.60E+07 --- 54899-46-HD-17
60 56.27 3.71 67.53 --- --- 54999-46-HD-18
86 16 6.08 . 43.55 --- --- 54999-46-HD-20
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Table A.11. Composite Sample - pH 8, Replicate 2.

NG, NG,
 (mg/L) (mg/L)
79.49 ND
~-77.68 ND
77.48 ND
77.27 ND
77.42 ND
75.56 ND
74.58 ND
74.64 ND
73.58 ND .

72.51

72.10 ND
67.37 ND
65.30 ND
-61.62 ND
62.12 ND
62.76 ND
62.31 ND
62.25 ND
62.12 ND

Aceiaie

(mg/L)

86.11
81.04
76.22
79.63
78.58
73.59
69.03
63.23

QA

Sample Sample D

YES
YES

54999-44-HD-1
54999-44-HD-2
54999-44-HD-9
54999-44-HD-3
54999-44-HD-4
54999-44-HD-5
54999-44-HD-6
54999-44-HD-7
54999-44-HD-8

o 54999-44-HD-10

54999-44-HD-11
54999-44-HD-12
54999-44-HD-13
54999-44-HD-14
54999-44-HD-15
54999-44-HD-16
54999-44-HD-17
54999-44-HD-18
54999-44-HD-20



Table A.12. Composite Sample - 15°C, Replicate 1 and 2.

Replicate 2

Time NQO,
(h) (mg/L)}
Replicate 1
0 55.32
0 55.077 —
.24 0 5518
48 54.23
72 43.08
96 22.06
A63 - ND-
187 ND
211 ND
235 ND

0 55.2
¢ 55.22
24 55.09
43 - 54.02
48 ---
72 45.25
96 26.06
163 ND
187 ND
211 ND
235 ND

NO,
(mg/L)

b3

HC-SD-EN

Acetate

(mg/L)

79.42
76.72
80.63
75.49
57.13
41.17

16.37

17.19
17.99
18.53

76.7

S 76,13

77.35

-

B V-7 N

61.31
45.52
17.97
18.81
19.76
20.03

N-ES-043, Rev. 0

CFU
(#/mL)

9.20E+04

T T7.00E+04 C

3.30E+03

2.00E+02

1.60E+06
1.60E+06

9.20E+04

— L)

OE
0

KTJ l'I'J

+0
+03°

L.p.) Lol

3
3
-’3

2.30E+03
1.60E+07
1.60E+07

QA

Sample Sample ID

54999-82-HD-1
54999-82-HD-1
54999-82-HD-2
54999-82-HD-3
54999-82-HD-4

54999-82-HD-5

34999-22-HD-8

54999-82-HD-%
54999-82-HD-1
54999-82-HD-1

54999-84-HD-1
54999-84-HD-1
54999-84-HD-2

-~ 54999-84-HD-3
~ 54999-84-HD- 1

54999-84-HD-4
54999-84-HD-5
54999-84-HD-8
54999-84-HD-9
54999-84-HD-1
54999-84-HD-1



Table A.13. Composite Sample - 35°C, Replicates 1 and 2.

Time NO, NO,
()] (mg/L)  (mg/L)

Replicate 1

0 56.93 ND

16 56.53 ND

24 47.74 4.95
E 32— 2035 22,04
32 2021 22.12

- 42 0.1 29.67
o 50 ND 19.31

X

Replicate 2

0 57.1 ND
16 5583 - ND

24 44.94 6.7

32 1573 25.1

42 ND 3043 ..
50 ND

21.44

Acetate

(mg/L}

71.75
68.85
64.85

54.83 - -

52.75
42.96
37.15

CFU
(#/mL)

2.00E+02
3.10E+04

1.60E+0Q7

2.40E+04

4.00E+02
4.60E+03

3.50E+04

QA

Sample Sample ID

54999-58-HD-1
54999-58-HD-2
34999-58-HD-3

S4000_82 I _
SEFTISATILS

54999-58-HD-7
54999-58-HD-5
54999-58-HD-6

54999-60-HD-1
54999-60-HD-2
34999-60-HD-3
54999-60-HD-4
54999-60-HD-5
54999-60-HD-6
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Table A.14. Composite Sample - 2/3 Stoichiometric Ratio, Replicate | and 2.

(h) (mg/L)
Replicate 1
0 56.98
- B 56,6 - -
48 30.26
64 22.42
72 21.97
88 22.02
96 21.72
86 21.84
164 21.61
Replicate 2
0 57.1
24 56.92
48 33.3
64 19.72
72 19.82
88 19.52
96 i9.66
164 19.48
164 19.41

ND

NDY
iNLS

ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
0.9
ND
ND
ND -
ND
ND

46.36

42.26
6.66
1.89
2.81
1.59

2.43
ND

1.86

3.30E+03

1.60E+06

1.60E+07

1.60E+07

1.70E+03

3.60E+04

1.60E+07

1.60E+07
1.1I0OE+05

D

A
A

o

~

Sample Sample ID

54999-74-HD-1
54999-74-HD-2
54999-74-HD-3
54999-74-HD-4
54999-74-HD-5
54999-74-HD-6
54999-74-HD-7
54999-74-HD-10
54999-74-HD-8

54999-76-HD-1
54999-76-HD-2
54999-76-HD-3
54999-76-HD-4
54999-76-HD-5
54999-76-HD-6

754999-76-HD-7

54999-76-HD-8
54999-76-HD-10
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Table A.15. Composite Sample - 1/1 Stoichiometric Ratio, Replicate 1 and 2.

Time- - NO, NQO, Acetate CFU QA
[(}] {mg/L) (mg/L) (mg/L) (#/ml) Sample Sample |ID

Replicate 1

0 57.19 ND 54.03 --- - 54999-78-HD-1
24 56.62 ND 52.49 -—- YES  54999-78-HD-2
24 5648 ND 5161 .. - ... YES . 54999-78-HD-10
48 45.64 1.05 5.79 -—- --- 54999-78-HD-3
64 42.8 1.57 3.06 1.60E+07  --- 54999-78-HD-4
72 . 4227 ---1.68 — 231 e mee 54999.78-HD-5
88 41.77 1.39 2.91 --- -—- 54999-78-HD-6
96 41.76 .39 2.9 --- --- 54999-78-HD-7

164 41.52 ND 3.23 --- - 54999-78-HD-8

Replicate 2

0 57.25 ND 56.65 - --- 54999-80-HD-1
24 56.64 ND 56.18 - --- 54999-80-HD-2
48 23.81 ND 18.13 1.60E+07 -—- 54999-30-HD-3
48 23.64 ND 18.03 1.60E+Q7 YES  54999-80-HD-10
64 624 - ND 2.91 --- YES  54999-80-HD-4
72 6.08 ND 2.73 - --- 54999-80-HD-5
- 88 -—606 . ND_.. _. 223 [.60E+07 --- 54999-80-HD-6
- 9 ..---6:02.... ND 347 --- - 54999-80-HD-7
164 6.05 ND 2.59 9.20E+06 --- 54999-80-HD-8

A-16
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Table A.16. Composite Sample - Large Volume Denitrification.

Time

(h)

NO,
(mg/L)

27.8

39.08
35.38
43.31

40.56

36.71
37.16
27.99

30.1

NO,

(mg/L)

0.04
0.04
0.04
0.04
0.04
0.04

0.4

MeQH
(mg/L)

23.88
23.77
0.00
0.00
40.12
43:60
35.83
35.79
16.58
14.70
(.00
0.00
0.69
0.68
0.00
0.00

U.uu
0.00
. 0.00
0.00
0.00
0.00
. 0.42

0.43
000

.Uy

0.00
41.05
41.89
25.03
25.28

CFU
(#/mL)

4.60E+03

3.50E+05

1.60E+06

2.80E+05

A-17

QA

Sample Sample ID

YES
YES
YES
YES
YES

vIZQ
1 LD

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

- YES

YES

CYES

YES
YES
YES
YES
YES
YES
YES

54996-29-1
54996-29-1
54996-29-2
54996-29-2
54996-30-3

54596-30-3

54996-30-4
54996-30-4
54996-30-5
54996-30-5
54996-31-6
54996-31-6
34996-31-7
54996-31-7
54996-32-8
54996-32-8
54996-33-9
54996-33-9
54996-34-10
54996-34-10
54996-36-11
54996-36-11
-54996-37-12
54996-37-12
54996-37-13
54996-37-13
54996-38-14
54996-38-14
54996-39-15
54996-39-15
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Table A.17. Composite Sample - MeOH growth, Test 1, Replicates 1 and 2.

Time NO,
(h) (mg/L)

Replicate 1

0 56.7
24 7 56.51
48 55.6
64 52.35
- 72 - 560.
72 50.37
88 46.1
96 43.33
164 ND
Replicate 2
0 56.54
24 56.4
48 535.45
64 52.69
72
88 - 4739
96 4
164

(mg/L}

Z 2, 2
SRS RS

©0.42

049

0.78
1.08
7.73

ND
ND
ND
0.72

0.85
.46

R S LV

1._4 4
]

1.92
22.02

MeOH CFU QA

{mg/L) (#/mL) Sample Sample ID

--- 2.00E+02 --- 54999-70-HD-1
- —- - 54999-70-HD-2
-— - 3.50E+04. - 54999-70-HD-3
--- - --- 54999-70-HD-4
-—- --- YES --54699-70-HD-5
- --- YES  54999-70-HD-10
- 1.60E+04 - 54999-70-HD-6
—  54999-70-HD-7
- 1.40E+05 --- 54999-70-HD-8
--- 2.00E+02 --- 54999-72-HD-1
- - - 54999-72-HD-2
--- 9.20E+04 - 54999-72-HD-3
- --- —-- 54999-72-HD-4
- -— - 54999-72-HD-5
--- 3.50E+06 YES  54999-72-HD-6
- “oT0E+05 - YES - -34999-72-HD-10
-- -—- -—- 54999-72-HD-7
2.40E+04 - 54999-72-HD-8



WHC-SD-EN-ES-043, Rev. 0

Table A.18. Composite Sample - MeOH growth, Test 2, Replicates 1 and 2.

Time NO;
() {mg/L)

Replicate 1

0 -
44 -—-

67 -

67

91
115
139
147

Replicate 2

0 —
44
67
91
91

115

3% .

147

NO,
{mg/L)

MeOH
(mg/L)

CFU
(#/mL)

1.20E+02
2.30E+02
7.00E+02
1.30E+03
1.80E+03
1.60E+04
3.50E+03
7.00E+03

3.30E+02
2.30E+02
2.60E+03

- LLAOE+Q3. .-

1.30E+03
4.60E+03

TUITIOE+04

6.40E+03

QA
Sample

Sample ID

54999-86-HD-1
54999-86-HD-3
54999-86-HD-5
54999-86-HD-13
54999-86-HD-7
54999-86-HD-9
54999-86-HD-11
54999-86-HD-12

54999-88-HD-1
54999-88-HD-3
54999-88-HD-5
34999-88-HD-7
54999-88-HD-13
54999-88-HD-9
54999-88-HD-11
54999-88-HD-12
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omposite Sample, Final Confirmation Tests Using MeOH, Replicates 1 and 2.

fa

=
[¢']

?D-
—
O
@)

Time NO, NO, MeOH  CFU QA
(h) {mg/L) (mg/L} (mg/L) (#/mL) Sample Sample ID
Replicate 1
0 46.44 0 54999-96-1
48 30.37 0 55.673 - YES  54999-96-3
48 53.013 - YES  54999-96-3
97 32.68 11.69 31.999 - YES  54999-96-7
97 31.999 - YES  54999-96-7
- 135 0.78 19.02 54999-96-10
& 159 0.58 15.55 11.656  --- YES ~ 54999-96-12
=5 159 11.888 - YES = 54999-96-12
Nl Replicate 2
0 4719 . 0 - 54999-98-1
= 48 47.7 0 57.21 YES  54999-98-3
48 57.300 - YES  54999-98-3
97 . 302. .. 1145 5173 .. - oo YES  54990.08 7
97 51.724 - YES  54999-98-7
135 8.92 25.19 54999-98-10
159 0.73 23.15 37.869 - YES  54999-98-12
159 37.945 - 54999-98-12

Comments: Replicates | and 2 were sampled less frequently, than replicates 3 to 6 since

split samples were taken and sent to the PNL 325 Analytical Laboratory for external

laboratory confirmation of analytical results. A comparison between in-house and external

analytical results is given in Table B.2. CFU (#/mL) data was discarded for these tests

because of a high degree of visually observed cell clumping. Observed CFU data values

were 2 to 4 orders of magnitude lower than expected. based both on the denitrificaiton rate
and the measured Total Suspended Solids {Table B.3).

A-20
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“Tabie A:20. Composite Sampie, Finai Confirmation Tests Using MeOH, Replicate 3,

Time

(h)

NO;

(mg/L)

Replicate 3

0

0

0
24
24
48
48
64
73
73
73
73
87
87
.97
97
111
111
121
121
121
121
135
145

145 . ..

159
159

43,78

48.58
53.57

48.09

AQ £
40.U0

36.44

44.05

NO,
(mg/L)

MeOH
(mg/L)

N G -

CFU
(#/mL.)

A-21]

QA

Sample Sample ID

YES
YES
YES
YES
YES
YES
YES

- ‘Z.E_S [

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
VES

1 Laws

YES
YES

54999-100-1
54999-100-1
54999-100-13
54999-100-2
54999-100-2
54999-100-3
54999-100-3

_:_‘innn 10N A
JFIT- LN+

54999-100-4
54999-100-5
54999-100-5
54999-100-14
54999-100-14
54999-100-6
54999-100-6
54999-100-7
54999-100-7
54999-100-8
54999-100-8
54999-100-9
54969-100-9
54999-100-15
54999-100-15
54999-100-10
54999-100-11
34999-100-11
54999-100-12
54999-100-12
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Table A.21. Composite Sample, Final Confirmation Tests Using MeOH, Replicate 4.

Time

(h)
a2

NO,

{(mg/L)

Replicate 4

0

24
24
48
48
64
64
73

- 73

87

29.9

46.33
41.17

57.99
47.54
37.84

23.67

18.48

11.04
2.0t
2.24
1.01

0.79

NO,
(mg/L) _

MeQOH
(mg/L)

~ .o

[EA VI L 8

CFU
(#/mL)

QA

~__ Sample Sample ID

A-22

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

~YES--

YES
YES
YES
YES
YES
YES
YES
" YES
YES
YES

- YES

YES

54999-102-1
54999-102-2
54999-102-2
54999-102-3
54999-102-3
54999-102-4
54999-102-4
54999-102-5
54999-102-5
54999-102-6
54999-102-6
54999-102-7
54999-102-7
54999-102-8

54999_102-8
7T LIULTU

54999-102-9

54999-102-9

54999-102-10
54999-102-15
54999-102-11
54999-102-11
54999-102-12
54999-102-12
54999-102-13

54999-102-13
54999-102-14

Py

54999-102-14
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-]
e

3
o
)
ro
@]

omposite Sample, Final Confirmation Tests Using MeOH, Replicate 5.

Time NO, NO, MeOH CFU QA
(h) (mg/L) (mg/L) (mg/L) (#/mL) Sample Sample [D
Replicate 5
0 45.19 0 e -—- 54999-104-1
24 54.5 0 57.987 -—- YES  54999-104-2
24 -— - 58.13 -—- YES  54999-104-2
48 31.57 0.45 55.808 - YES  54999-104-3
48 --- --- - 56.008 --- = YE§-- 54999.104-3
64 40.77 3.04 55.339 YES  54999-104-4
64 -—- - 54.639 YES  54999-104-4
73 38.88 4.67 52.185 YES  54699-104-5
gy 73 —- -- 51.95 YES  54999-104-5
o 87 35.83 6.89 51.776 --- YES  54999-104-6
el 87 - - 52.038 --- YES  54999-104-6
N 97 34.32 8.99 49.873 YES  54999-104-7
.97 - - 50.725 - YES  54999-104-7
97 37.79 5.78 49.448 -—- YES  54999-104-14
-- 11 2675 10.56 C G894 s YES  54999-104-8
- Iy e o - 48 885 - YES  54999-104-8
121 26.13 14.72 47.2 --- YES  54999-104-9
12 - --- 47.79 . - YES  54999-104-9
135 17.03 17.15 43.478 -—- --- 54999-104-10
145 10.37 16.02 --- e YES  54999-104-11
145 15.29 23.41 41,932 YES  54999-104-15
145 - - 41.928 - YES  54999-104-15
15% 8.98 2651 s - 54999-104-12

A-23
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Table A.23. Composite Sample, Final Confirmation Tests Using MeOH, Replicate 6.

Time NO;, NO, MeOH CFU QA
4Ry (meg/L) {mg/L} {mg/L} (#/mL) Sample Sample ID

Replicate 6

20 .. 29.56 0 --- - - 54999-106-1
24 44.85 U --- ToERe o --- 54555-106-2
48 35.38 0.42 - - -—- 54999-106-3
64 53.94 2.24 56.707 - - 54999-106-4
73 42.68 2.99 56.486 --- YES  54999-106-5
73 --- --- 56.183 -ae YES  54999-106-5
87 39.49 5.05 55.031 --- YES  54999-106-6
87 -—- - 55.149 --- YES  54999-106-6
97 31.19 5.98 53.663 --- YES  54999-106-7
97 --- Ceess 53.241 — -~ YES - 54999-106-7
il 27T 5.28 Stite e YES  54995-106-8
111 - --- 50.258 --- YES  54999-106-8
121 16.69 8.37 48.965 --- YES  54999-106-9
121 --- --- 49.323 --- YES  54999-106-9
121 28.39 9.65 49,76 --- YES  54999-106-14
121 -—- - 50.083 - YES  54999-106-14
135 10.7 1463 - @ - -~ 54999-106-10
145 0.51 1.96 42.646 --- YES  54999-106-11
145 --- - 42.845 --- YES  54999-106-11
155 0.6 21.22 39.355 --- YES  54999-106-12
159 -— - 39.154 --- YES  54999-106-12
159 G.73 21.97 3/ = o YES S 54999-106-15
159 ——— e 39.616 -—- YES  54999-106-15

A-24
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Table A.24. SGW with no Bacteria Added.

——.—-Time. .. -NQ; .. . NO;- Acerare  CFU QA
(h} {mg/L) (mg/L) (mg/L) (#/mL) Sample Sample [D

0 67.89 ND 98.96 ND YES  54999-36-B-1

12 67.76 ND 08.64 ND YES  54999-36-B-2

14 67.73 ND 08.48 ND YES  54999-36-B-3

16 67.73 ND 07.98 ND YES  54999-36-B-4

18 67.46 ND 97.31 ND YES  54999-36-B-5

20 67.58 ND 06.38 ND YES  54999-36-B-6

22 67.78 ND 06.75 ND YES 54999-36-B-7

= 24 67.03 ND 96.7 ND YES  54999-36-B-8
o 284 67.56 ND 98.79 ND YES  54999-36-B-10




“Table A.25. D5-15, No Carbon Source, Control.

Time NO,
o (mg/L)
0. 5011
12 50.03
14 50.02
16 50.01
18 50.18
20 49.94
22 50.04
24 49.82
12 ----4%.75
-- 26 49.87
28 49.79
30 49.87
32 49.72
35 49.86
39 49.84
43 49.96
47 49.67
- 60 - .50.59

86 49.79

WHC-SD-EN-ES-043, Rev. 0

CFU
(#/mL)

4 50E+02
6.80E+02

1.00E+00

.8OE+02

o wme

QA
Sample Sample [D

YES  54999-40-D-1
YES  54999-40-D-2
YES  54999-40-D-3
YES  54999-40-D-4
YES  54999-40-D-5
YES  54999-40-D-6
YES  54999-40-D-7
YES  54999-40-D-8
YES  54999-40-D-9
YES 5499940 D-10
YES  54999-40-D-11
YES  54999-40-D-12
YES  54999-40-D-13
YES  54999-40-D-14
YES  54999-40-D-15
YES  54999-40-D-16

YES  54999-40-D-17
YES  54999-40-D-18

i Lz TS

YES  54999-40-D-20
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Table A.26. D5-15, No Carbon Source, Control.

Time

1))

)
v

12
14
16
18

20

22
24
12
26
28
30
32
35
39
43
47
60
86

NO,
(mg/L)

ANV .

B BETAV PR )

50.27
50.66
49.94
50.24
50.34
50.45
50.23

50.23

- 50.49

47.72
50.18
50.27
50.38
50.28
49.98
50.23
50.02
50.32

NO,

(mg/L)

CFU
(#/mL)

- 4.00E+02
7.80E+02

2%
[ T
% |
+
-]
(U]

1.30E+04

A-27

QA

Sample Sampie ID

YES
YES
YES
YES
YES

“YES

YES
YES

YES

- YES

YES
YES
YES
YES
YES
YES
YES
YES
YES

54999-42-D-1
54999-42-D-2
54999-42-D-3
54999-42-D-4
54999-42-D-5
54999-42-D-6
54999-42-D-7
54999-42-D-8
54999-42-D-9
54999-42-D-10
54999-42-D-11
54999-42-D-12
54999-42-D-13
54999-42-D-14
54999-42-D-15
54999-42-D-16
54999-42-D-17
54999-42-D-18
54999-42-D-20
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.- Table. B.1. Bi
“~from Wells 1

logi
Bt
H4-

95-

Tatal CThraminm
ASJLAAL S oRAENSIMRARALELL

(ug Cr/L)

- Gross Alpha

(pCi/L)

Gross Beta
(pCi/L)

WHC-SD-EN-ES-043, Rev. 0

and 199-D5-15.

Before
Filtration

990 + 80

990 + 80

,_..
o

8.2+ -

6.2+ 1.8

32.5+& 2.2

29.6t 2.1

After
Filtration

980 + 80

970 £ 80

LN
fa
H
[
wn

1.6

Lh
=
H

292+ 2.2

31.3 2.1

B-1

..l Chromium and Radionuclide Removal from Composite Groundwater
Values are Average + 68% Confidence Vaiue,

Average %

Removal

1.5

25

3.0
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Table B.2. Comparison of Nitrate and Nitrite Results from Independent Laboratory

Analveec
Analyses.
Sample PNL PNL Relative PNL PNL Relative
ID 324 325 Percent 324 325 Percent
Nitrate Nitrate Difference Nitrite Nitrite Difference
(mg/L) (mg/L) (mg/L) {mg/L)
i|-56-HB-1- | 464 - 42 1480 - <10 - < 2.5 --NC
96-HD-3 30.4 42 32.0 < 1.0 < 2.5 NC
96-HD- - 43 - - < 2.5 -
3D.
1-96-HD-7 | 327 18 380 11.7 7 50.3
96-HD-10 | <1.0 < 2.5 NC 19.0 17 11.1
&x 96-HD-12 | <1.0 | <2.5 NC - (5.6 13 18.2
96-HD-13 - 42 - - < 2.5 -
98-HD-1 472 43 9.3 <1.0 < 2.5 NC
98-HD-3 47.7 47 1.5 <1.0 < 2.5 NC
98-HD-7 30.2 26 14.9 I1.5 11 4.4
98-HD-10 8.9 6.4 32.7 25.2 21 18.2
' 98-HD-12 <1.0 < 2.5 NC 23.15 20 14.6

B-2
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... . ..Table C.1. Total Suspended Solids (TSS) Raw Data for the Final Confirmation Tests.

o xTr 1 P V5 T 5 TR
Sdmnple voluIme was 1uu miL.

TR Dish 1D Tare Wt (mg)Final Wt (mg)  TSS (me/L)

1 1965.1 1965.8 7
2 1983.3 1984.5 12
3 1974.2 1975.0 8
4 2004.0 2004.5 5
5 1975.9 1976.8 9
6 1991.3 1992.7 14
7 1993.2 1994.3 i1

2

[t |

AVERAGE = 6.4
STD.DEV. =

|
W
—

Table C.2. Qualitative Observations Regarding Settling Characteristics of the Produced
Biological Solids in the Final Confirmation Tests.

~ This information is taken from the lab record book #BNW54996. Liquid from the Final
~ Confirmation tests, which used methanol as the carbon source, was used to fill a 100-mL
—-glass-graduaied cylinder. A siopwaiCh was used to measure time.

1) t = 0 min. - Flocs are up to | mm, some (flocs) are spherical, others are flat.

2) t = 6 min. - The particles settle very rapidly. The top 5 mL is essentially clear (to the
eve). Other particles are stationary and not settling at all.

3t = 10 min.- The top 10 mL is essentially clear. Many of the larger particles are on the

botiom of the cylinder.

4) t = 15 min.- Nearly all larger particles are below the 60 mL mark, though some
(smaller) flocs are not settling.

5) t = 22 min. - The solution is not quite clear, but about 90% of the

particles have settled out.



THIS PAGE INTENTIONALLY
~~. LEFT BLAK



WHC-SD-EN-ES-043, Rev. 0

APPENDIX D
1993 HEIS DATA




WHC-SD-EN-ES-043, Rev. 0



I-d

Table D.1. 1993 Data Available from the HEIS Database for 100 Area Wells 199-D5-15 and 199-H4-4.

{Eield) conductivity
(Field) rtempesatule
Alkalinity .
Alumi oo
Antimony
Antimony 12%
Avdente
Buariam

Belyd bium
Biomide
Cadi uw
Calolum

Ve lum - 127
thlutrde
Clisomlan
Cobale
Coubalt-tw
Cupdrict 1wity
Cojet
Cyani.Jde
Cyanide

Fluor 1de
Gross lpha
GrGud Lela
leun

Leadd

M Jiie s L
Mariyale S
Melcly |
Hickel
Nitrafe
Nigzite
Hitaibe Hitpate
Ftiwsy hate
Fulusolul
#uthendum- Jos
Selenium,
Silver

Sudimm
Serentium-%v
Sulfate
Techlietiu Yy

Temperalure {f1cll jeasurenent)

Thallinm

Tin

Tulal wrganiv vallon
Total organic halides
Tritium

Turkidicy

uranlum

Uraniau-234

Uranium- 218
Uranlae-233

Vanadium

Zinc

I-H Measurenent
[H-fleld acasurcmeiit

199-0L5-1% ROUHL: 4
BOBAWS [, |
03/15/93 FILT:

FielD

5u4.00. UMHO/C
19.40. DEG C

21.00. uG/L
Ta.40. UG/L

Z. 80, UG/L

HE. V0. UG/L
.50, wG/L
J.6ev. ua/L
6320000, UG/L

Tesu Q0. WG/L

2.580. us/L
41%. 00, Unbo
}LB0. UG/L
UG/ L

Ly, PCLAL U
B.50. FCL/L
5490 UG/L.
2.00. Uufl. W
Tesul 00, LG/L
i

L0, LG/
13 UG/
d.%50. UG/L

12 4u my/L
d¥la.ve, hi/L

1.0, wa/L MWL

1.80. OG/L

Lheul. 00, UG/L
1.40. poa/lL I

560, 00. pAi/E

10.70. UG/L
4.70. UG/L
8.09, pH
§.02. pH

199-L5-15  KoltD: 4
BO84WS [ 1
03/15/93 FILT: |
SKINEk
|
5ud.0u. UMHOJC
19 4% DEG T
.
21,00, uG/L
18. 40, vG/L

2.du, UG/L
88.70. vG/L
RO 0G/L
1.60. UG/L

63200.00. VAL

1o LU, WG/

280, UG/L
439,00, UMHU
7,80, Widl
WG/

LSHO BCl/L U
¥.50. FCL/L
54.90. LusL
2.60, uu/L L]
16300 00, WL/l

1.0v. WG/
A D Yy o
.50, UG/L

L2260, wg/l

2910 LY. UG/ L
4.10. UG/L. LWt
3.90. UG/L

15800.00. G/L
1,400 pisL a

1.90. UG/L W

660.00. pCLSL

10.70. UG/L

4,70, uG/L
B.09. pH
B.02, Al

1$9-0U6-156 HOUND:

BOB4WS ('
03/16/%3 FILT:

THA ,

504.00" UMHO,C
19.40. DEG (!

27.00. UG/L .

lE.lOI. UG/L -
2.680. UG/L
#8.70. UG/L
.50, uvG/L
1.60. uG/L

1

61200.00. UGILi

1630.00. UG/L

2.50? uG/L
439,00, UMHO
7.60. UG/L
ua/L

.88, pCl/o.

B.50. BCI/L
54.90. UG/L
2.00. UG/L
1:400.00. UG/L
1.00. UG/L
.13. uvasL
H.50. UG/L

12.20. wg/L

4910.00. UG/L

3.10. UG/L
3.90. UG/L
15400.90, UG/L
1.40. pCi/L 2

1.96. UG/l

€60.00. pCi/L

10.70. UG/L
1.70. WG/L
8.09. pM
4.02. pH

4

149-D5-156 RORIL:
BGE4We | , ]

03/16/93 FILT: Y
FEELD

E04.00. UMHO/C
19.40. DEG C

27.00. UG/L

19.00, UG/l
2.00. Ue/L
86.00. UG/L
.90, va/sL
40. UG/L.

€2200.00. UG/L

1570.00. W3/

3.20. UG/L
4.90. UG/L
UG/ 1L
u
B.0d. UG/
w 1.20.0 UG/IL
10300, 00, UG/L
1.70. uG/L
10,0 UG/L
5.40. UG/L
S01u.00. uG/L
HWH 3.80. ua/L

4.60. UG/L
15HG0.00, UG/L

L 1.5%0. UG/L
12.20. UG/L
2.50. UG/L
8.02, pH

4

199-D5-15  ROUND: 4
BOB4WE | . 1
03/15/93 FILT: Y
SKINER

504.00. UMHO/C
1%.40. DEG C

27.00. UG/L
19.00. Ua/1L
2.00. UG/L
BE.OO. UG/L
L90, UG/
1.40. UG/L

§2200.00. uG/L

1570.60. UG/L
3.26, ugsL,

4.90. UG/L

uGsL

6.00. Ui/L

1.20. wuALL
16100.00. uvG/LL
1.70. UG/,
10, uGs,
§.40. UG L

50t0.00. UGSL
J1.80. UG/L
4.60. UGL
16800.00. us/L

12.20. UG‘L
2.50. DS'L

B.02. pH

0 "A9Y ‘€P0-S3-NA-AS-DHM
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Table D.1. (cont.)

(field) comductivitly
[ficld) temperaturs
Alkalinicy

Al

ANt Loty !

ALt iwony-125 |

A seno

Barlum

Beryhliwn !

Bronide

Cadum

Calcium

Custum-i37

Chitetade |

chromtue |

Cubait

Cobalt &0
Conductivity

Cupjei

Cranlde

Cyantde

Fluct tde

Gruss alpha

Gposs beta '
lacn

Lead

Mlagsm_-num

Mangailsse

Met il

kel !
Hitiate

Hitrite .
Hifteite Hilialw
Flhespduate

Folays i

kutheniouu - lue
selouium

Silver

Sodiun

Strunt Lum- Sy

Sultate

Techret Lum 49 |
Tepetaturs [ el Svasul =enc)
Thalliuw ! .
Tin .
Total organic catbron
Total organtc halideas
Teitium

Turbidity

Uzaliiun

Uranfum- 2+4
Uranium-255
Uranium-238

Vanadiiu

Zinc

EH Heasurewsent .
H-Field peasuremeril.

19%-H4-4
BOTTHO |
01/28/93
DATACH

110,

duvu

dtul.

N
JhuGe,
dduui,

1§,
8.

PRLLVN

1000,
i0.

32,

ju.
20.

ROURID:
, )
FILT:
G0 /L
LOW. UGAL
vo.
00
00
00
.00
N
.00
00
[T
Qu.
UL UG/LL
q0. PCL/L
00, PCI/L
00, UGyl
ub . UG/E
GO, s
QU UG/L
Q0. WGAL
00, WG/L
U0, WMI/L
e WGsL
VO, WG/L
00, UG/L
i, WE/L
GO. L/
20,
GU. OG/L.
GO0. uG/L
00. UG/L
0. NIV
0. UG/L
V0. UG/L
00. UG/L
A5

ccco

u

cc

199-H4 -4
BOTTHG (
01726793
FI1ELD

—
—
<

N
o
5

qu.
3.
L500.

10

10600,

&T00.
170.

20

G334,
20,

Ju0.

41

1ul,

lsulo

LU,
BAUN

0.
diudd,
290,

avu

déou.

MU
EETTTN

44uUl

319,

14

100,
1000,
10.

3¢

10,
20.

ROUINL:
. 3
FILT:
.

SO0, MG/L
RUTERVITI®
U, Lhi/L
0. UG/L
00. UG/L
00. uG/L
00, uGsL
UL G/ L
0G. UG/L
vl Us/L
qu

qu. UaGsh
oL /L
A0, ECI/L
LTI 203 7 &
UL UG L
v, Uik
Gl UG/L
uu. U/l
00. B3/L
Q0L DG/
v WGsL
Q. nGrlL.
uU. UG/iL
00, VG/L
GO, UuiL
Gh. PCL/L
.20,

ou. WG/L
0O, UG/L
00, us/L
. Wiy
30. UG/L
V0. WS
00. uG/L
45,

[l ol o

194%-H4-4
BO7IMO |,
01/28/93 FILT:
ITASKL

ROUND:
)

130.00. MG/L

200.00. UG/L

44.00. UG/L
3.00. UG/L
500.00. UG/L
10.00. UG/L
30000.00. UG/L

£700.900. UG/L
170.00. UG/L
20.00. uG/L

533.00.
20.00. UG/L

J00.00. UG/L
43,40, pCl/L
100.00. FCI/L
18000.00. UG/L

£000.00. US/L
30.00. UG/L

40.00. UG/L
/000,00, UG/L
200.00. uG/L

400.00. uG/L
q640.00. uva/L

20.00. UG/L
75000,00. UG/L

44000.00. UG/L
11%.00. pPCL/L
1a.20.

109.00. UG/L
1000.0¢, UG/L
10.04. UG/L

.30, WTU
32.30. UG/L

36.00. UG/L
20.00. uG/L
7.45.

cCcc

199-Hd -4 ROUNID :
BOTTNG ( }
01/29/93 FILT:
DATACH

AU.00. UG/L

.87, BCk/L

1730.00. FCI/L

¥

u

199-H4-4 ROUND:
BO7TNG | , 1
01/Z28/%3 FILT:
ITASRL

20.00. Ug/L

97, /L

1730.00. pC1/L

4]

"

0 A9y "£v0-SA-NA-AS-OHM
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Table D.1. (cont.)

f1elal conductivity
{field! tenpetatvuie”
Alkalynity .
Akl rps

At imony
Antimony- 145

Arseniu

Barimm

Bexylznum

Bromulde

Cadi v

Calcium

Cesyum- 137

Chiuride

Chit omr e

Cobalt

Cobabd &0
Condudtiviey

Coppret

Cyaliide

Cyanide

Fluui e

Gruss alpha
Grusa'bela

leon

Leand

Ha jues s

Mangaiigse

Merculy

Hickel

Nitiale

Hitiil =

Hitrine e
Fhutpliate

Fotasdiom

kurhenium 1ue
Seiciti

Silver

Sodim

Sl w94

Sulfate

Techuztim v3
Tenpeiatule [Held meassireme;t)
Thallrum

T

Tetal viganice catb.oa
Tutal wiganic hallddes
Tritium

Turbidity

Uraniuw

Urapium-234
Uranyim-235
Uraniuw-238
Vapada uw

Zinc

PH Measyrement
pH-field weasurement

199-H4-4
BO#G3T |
02/24/493
DATACH

200,

20

ETIe
19ud0.
L40u.
160
20,0

Lie.
20.

11Uy
1u

3U.
Lduul,

2Uv

qub.

ERITH

FEAUIVITN

Ul

30.
10.
L34,

uu

2.80.
8o

Ga

11+
RN

1T+

00

Uy,

(11}

00,

Y
JLudd .

')

.70,

YU

oo,

ua/L

UG/L
UG/L
UG/L
G/ L
uG/L

LGy L.
UG/ 1.
Uiy L

G/ L

[EETS N
PCL/L
oLl
UG/ L

L/ i
UG/i.

U/ L
UG/ L
sl
LG/ L.
UG/ L.
UG/ L

[ FF AN

us/L

UG/ L

UG/L
ua/L

1}
(13
(5]

3J99-H4-4
BOBRI1 |

RGUNL :

H

02/24/93 FILT:

FIELD

20t 00,

20,00,
3606,
bud .00,
10.0G.
1400000,

5500 Q0
10009,
26.00.

Ldb Uy
20.00.

UL UL
32.50.
Ed.HO.

ZH0 0O,

$3U0.00.
10.00.

U040
HHU00 .00
200 . vl .
LIV TRRTIVIN
430¢.00.
IR
a0l 00
FETUR TP

17 ..

L IRTIV

30 .04,
10.404.
7.34.

uG/L

UG/ L
DG/
W3/l
UG/l
UG/ L

UG/
UGE/L
11/ L

Us/L

(ST
3% W
PUE/L
U3/

UG/ L
us/L

UG/l
UG L.
UG/ L
(LW
WL
/L
hifsl,

UG/L

U3/

UG/L
UG/L

-caQ

199-H4-4
BOB531 [

ROUMD =
1

02/24/%3 FILT:

ITASRL

20000,

|
20.00.
3.00,
S00. 66,
10, 00.
19060, 00.

550040
10G.00.
20.00.

546 .00.
20.00.

000. G0,
32.50.
5e.60.

280.00.

3360.00.
10.00.

J0.99.
54000. 00,
200,00,
490,00,
43v0.00.
20.00.
TE5000. GG,
35000.00.
17.706.

1u0.00.

30.00.
10.00.
7.34.

WGIL

UG L
uGr L
UG/ L
UG/L
e/ L

UG/ L
DGsL
UG/L

uG/L

uG/L
PCI/L
FCI/L
UG/L

uG/L
UG/ L

uG/L
uG /L
UGk
U
UG /L
UG/ L
UG /L.

uG/L

[LeFa N

UG/ L.
uG/L

(===

155-E4-4
BOBENS

ROUMD
]

03/1G/93 FILT:

FLELD

2.10.

4.37.
538.00.

17.70.
HY. 80,

4% 30

1v.50.

1570.06.

36.50.
21.10.

.96,
16.80.

B.15.

PCI/L

FCE/L

FCI/L
UMHO

ECL/L,
PCT/L.

PCL/L

DEG-C

FCL/L

UG/L

PCI/L.
PCI/L
PCl/L

FH

199-H4-4
BOGENS |

ROGUMD :

1

03/10/93 FILT:

ITASRL

2

E.

4

10

4.

.37,

538.00.

7
69

LT0.
.80,

49.30.

18.50.

1570

3€
23

16

.00,

.50.
.10,
L 96,
LHO.

15.

PCL/L

[ P

FCLAL
Lixli

FCLSL
#ULAL

BCLrL

L O

PCLAL

UG/ L.
FCLAL
PCLAL
FCIZL

FH

0 'A% "£v0-SH-NH-dS-OHM
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Table D.1. (cont.)

tfield) conductivicy

(field) temperature
Alkalinrey
Alvminun

Ant imuny

ARt imony-125
Arsenic
Barium
Berylllua
Bromide
Cadrii i
Calcium
Cesium-137
Chlcorida
Chromium
Coball
Cubale 50
Conduer vy
Cupqazt
Cyani.de
Cyanlda
Fluvt1da
Lbvas slpdoa
Groas beta
fron '

feal

Magilcs 14w
Maijulese
Hercuay
Hivkel

MY patel
Miriite
Hitriie Hitialwe
Fhouphiate
Futassitu
Ruthenlum- 1vt
Selentua
Stlver .
Sodium
Stronlium %0
Sulfare
Techielb hum-YYy

Pemperatiute (fleld measnrement)

Thatlbium
Tia

Twlal Crganle culibon
Tutal ¢igaulc halldes

Tritium
Turkidicy
Uraninum
Uraniom-234
Uraniuw- 235
Uranium-238
Vanadium

Zsne

pH Meazurement

PH-E1eld measur ement

i
199-H4-4 ROVIND:
608970 ( [ ]
G3i/10/93 FILT:
DATACH i

200.00. uUa3/L

JU.00. G/L
1.90. uG/L
500.00. Wi/L
10.00. UG/L
23600.00. uG/L

&900.00. Wi/l
110.00. uG/L
20.00. UG/L
53d.00.
20.00. Wi/l

[VIVERTIVIRER Y RV W

.60, PILAL

G SU, b/
L1 0b0. UG/L

UL UL UGS/
1000, wa/L

U LU, iYL
BEUO0 . . G/
200.00. UG/L

Juu.0u. WG/
4500.00. LG/L

YV 00 Uu/L
gd000. 00, UG/L

43UVULUU. UG/L
18.50.

100.00. WG/L

Ju.00. uL/L
10.00. w3/L
4.15.

[

199-Ha-4 ROUND:
BOQYTO ¢ . )
03/10/93 FILT:
FIELL .

200,00, wesL

10,00, Wi/L
3,00, UG/L
500,00, UG/L
10.00. UG/L
23000, 60. UG/L

€900 06. VG/L
110.00. UG/L
20,60, ua/L

S48 u0
20,00 Uy

bUU L. UGAL
eGP
Yt L0 BL/L
L1 uu. kAL

Iy Oul DG/L
16 Ul UG/L

JUL UL, G/ L
duu00.00. UG/L
290,90, UG/l
40U LU, UL/L
4500 . 040, UG/L
20,00, UG/L
B4u00 .00, wG/L
4400k, 00, UG/L
16.50.

Tyu. v, Wi/L

16.00. UG/L
10.00. US/L
8.15.

cecc

i

u

|

I

I

I
199-Ha-d RAOURD :
BOBYTO [ , ¥

03/10/93 FILT:
ITASRL

200.00. UG/L
36.00. ULG/L
1.00. UG/L
500.00. UG/L
14.00. ue/L

2300800, UG/L

£900,00. UG/L
110.00. uva/L
26.00. UG/L

£318.00.
20.00. UG/L

600.00. UG/L
37.60. PC1/L
95.50. FCl/L
51.00. uGsL

50003.06. UG/L
10.00. UG/L

40.00. Us/L
44000.00. UG/L
200 .00, UG/L
400.06. UG/L
4500.00. UG/L
20,00, UG/L
40010 .00. uG/L
43000.00. UG/L.
18.50.

100,00, UG/L

10.00. UG/L
10.00. us/L
8.15,

797
w.}i | 1

caoa

(=3 =

TN

199-H4-4 ROUND :
Bpodcey |, b
04/01/93 FILT:
DATACH

140.900. MG/L

200.00. UG/L

30.00. va/sL
3.00. UG/L
500.00. UG/L
10.00. UG/L
23000.00. UG/L

7100.00. UG/L
130.00. wG/L

20.00., wGsL
551.00.
20.00. UG/L

L0000, UG/L
47.10. BCI/L
94.EG. PCI/L

1500.00. UG/L

1600, 00, UG/L
20.G60. vG/L

Jo.00. UG/L
$J000.00. UG/L
200.00. UuG/L

490,00, UG/L
3800.00. UG/L

20.00. UG/L
48000,00, OG/L

45060.00. UG/L
340.60. PCI/L
18.70.

100.00. UG/L
1009.00. UG/L
39.00. we/L

6.06. NTU
534.00. GG/L

30.00. UG/L
20,00, UG/l
7.85.

gce

iF

u

(¥}

B

199-H4-4 ROUND ;
BOBCF1 { ,

04701 /93 FILT:
FI1ELD

140.00, MG/L

200.00. UG/L

'
Je.00,. UG/L
1.00. uG/L
500,00, UG/L
10.00. UG/L
23000.00. uG/L

7100.00. UG/L
130.00. UG/L
20,00, UG/L

551.00.
20,00, UG/L

600.00. uG/L
47.10. FCl/L
94.60. pCI/L

1800.00, uzrL.

3600.00. WG/L
20.00. wG/L

Jo.00. Uusl.
F3000.00. whsL
200.00. Uurl.

400.00. US/L
31990.00. UG/

20.00, ULG/L
BEQ00.00. WLGrsL

48600.00. UGFL
340.00. FCL/L
18.70.

109,00, WAL
1000.66. ws/L.
I0.00. LG/L

4,00, iy
£34.00. Us/L

30,06, UG
20.00. ws/L
7.83.

[sg=3

]}

L8}

0 A3y "¢€#0-SH-NI-dS-OHM
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Table D.1. (cont.)

tEield) copductivicy
(Eild) temperatule
Alkalimity
Alumiinum

Aul lmony

ADt imeny-1258
Arsecnic

Bar ium
Beiyllium
Brumide
Cadimiuw
Calcium
Cezlum-3i17
Chlwyida
Chrum um
Cubiale
Cobalt-60
Couductivity
Cupouel
Cyahlde
Cyantde
Fluultde
Gross alpha
urcas beta
Irun

Leal

Hoajlies 1l
Ml alicse

Mel Cury
Hickel
Hityate
Hitrite
Hitiite Hiftare
Plosopial

Fot asainm
Futheniuw Tut
Sel el
S1lvet

Sedinw
Struntium bU
Sultate
Techneliuy: %3

Tewp.cratute (field weasutsnent b

Thalliuw

Tin

Total organiv catbon
Tutal organic halides
Tritium

Turidity

Uraliium

Utanium-214
Uranium-235
Uranium- 238

Vanadium

Ting

pPH Meaaurement
pH-fisld measursuent

199-HE-4 ROUND:
BOSCP1 [ , )
04/01/93 FiLT:

1TASRL.

T40.00. MG/L

#UH.DU. UG/L

16.00. uG/L

T 3.66. us/L
BOD.00. UG/L
10.00. WS/L
23040000 uGsL

Frow el Uu/L
130.00. UG/L
20.00. UG/t

1.00.
20 006, UG/L

LUU L 00 UG/L
17,10 CI/L
9. 60 FCI/L

LL00. QU UG/L

1Ly, g UL/L
20,00, WGrL

JU_LU. UG/L
3000, G0, UG/L
LU0l UGl

400,00, Ud/L
1300 .00, WGrL

20 U0, UG/E
s56000.00. UG/L

4HUVU WU, UG/L
340006, PCI/L
1g.70.

100.00. UG/L
1009.040. UG/L
30.00. UuG/L

6.00. HTU
534,00, UG/L

3u.006. UG/L
20.00. uG/L

ccc

[ Nl =

199-H4-4
BOBICY |

05/67/%3 FILT:

DATACH

9.00.
£00.00.

3u._uo.
1.00.

%00, 00,
10.00.
20090.400.

€400 .00
100. 0v.
PO IV

LIATIR TV
20.00_

1. vu.
27.90
97.90.

250,00

EETHEORV TS
.zt

FLVSTIUN
45090 . 0u .
200080

due Ou.
400000 .
FIRVIT
Bi00GC. 00,
4ivu0, Gl .

1. 49

5.20.
10.400.
7.92.

ROUNL:
J

UG/L
UGs L

LR/ L
LG/ L,
uc/L
OG/ L
G/ 1.

UG/ L
UG/L
G/ L

UG/ L

uG/L
rCL/L
BUL/L
(972 5

WG/l
UG/ L

LG/
UG/ L
LA
LG/l
s/
uGrL
W/ L

Us/L

uG/l,
UG/ L

o =i =g

EC

ROUMED .

19%-H4-4
BO8ICL | 1
6507793 FILT:
FIELD ‘
49.00. UG/L
200,90 UG/L
30.00. UG/L
31000 UG/L
500.00. UG/L
10.00. ug/L
22000.00. UG/L
6440.00. UG/L
10040 UG/L
20000, UG/L
560.00.
20.00. UG/L
400.00. UG/L
27.90. FCI/L
57.90. BCI/L
250,00, ug/l.
1500.906. UG/L
3,20 vosL
30.00. va/L
500000, UG/L
200,00, UG/L
400_.00. UG/L
4060.00. WG/L
20.00. UG/L
41000.00. UG/L
43000.00. UG/L
18.90.
UG/ L
5.20. UG/L
10.00. UG/L
7.92.

[~ ==

159-H4-4 '
BOBICL

05/07/93 FILT:

ITASKL

45_00.
200.06.

Q.00.
3.G0.
500.00.,
0. 00.
22000.40.

&400.00.
100.00.
20.00,

BEQ. DG,
20.00.

400,20,
27.30.
91 .90.

260.00.

3500 DG,
1.20.

30.00.
8500000,
200.00.
400,00,
4000.00.
20. 006,
#1000, 00,
43006.040.

14.9%0.

5.20.
10 a0,
7.92.

uG/L
UG/L

UG/L
uG/L
uG/L
Ud/L
UG/L

uG/L
uG/L
UG/ L

UG/ L

uG/L
PCI/L
PCl/L
UG/L

us/L
uG/L

us/L
UG/ L
UG/ L
UG /L
uG/L
UG/L
UG/L

uG/L

UG/ L
ua/L

cec

u

u

20

c & g r

199-H4-4 - ROULD;
B08MGd ( , 1
06/08/93 FILT:
FIELD

11.€0. PCL/L

5.686. FCI/L

6.15, PCi/L

SRR R AR MHGSC

7.41. PCL/L
13.70. pPCI/L

17,80, FUL/L

aadakeRRARRE [EG {0

€62.00. PuUl/L

i.37. ws/L

0 A9y ‘ev0-SH-NH-AS-OHM
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Table D.1. (cont.)

(E12ld} conductavity
{field] temperature
alkalinity
Aluminum
Antimony
Antimony-12%
Arsenic
Barlun
Beryllium
BLomide

Coandw iy
Calaihm
Casgjun-147
Chluride
Chiowium
Cehalt
Cubalt - U
Coundctiviiy
Cuppei
Cyantde
Cyanide

Fluui Lde
Grusa alpha
Giuss beta
fren

Lead
Madiies ) ain
Many e ae
Mebouay
Hickel
Hiliafu
Hitiite
Hittite Nitiate
Phospliate
Fotassimn
kuthenbum-140:
Selenlul
Silver

Sodinm
Stroutium YU
Suitate
Technebium ¥y

Telperatdie (tield casiutemwent}

Thallium

Tin

Tutal orgamiv caibun
Total organic halides
Tiitium

Turbidity

Dpagbun

Uianiue- 234
Uranium-235
Uranium- 238

Vanadiuw

Zinc

pH MeasSurement
pH-field measurement

185-H4-4 ROUHD:
BOEMGY [ . )
06/08/93 FILT:
I1TASRL

11.60. pCL/L

S.85. PCL/L

L. 15, FCH/L

Awnseeasedna GO

Pl pCL/L
11,70, ECI/L

17.du. pCLAL

AAAA A nass LEG C

562.00. PCL/L

1.37. vG/L

199-H4-4 ROUNL:
BOALSO {
06714793 FILT:
DATACH

49 00, UG/L
208,00, uG/1L

24,00 UG/L

3.00. wdsL
500,09, UG/L
16.00. UG/E

24ug9. 00, K/L

2900 UG, UG/L
48.006. UG/L
20,00, UG/L

RIATRRUTH
20000, WG/L

Juu. U UGl
.57, RCI/L
17.4u. FCI/L

210.00. UGrL

4iue. 00, WS/L
2.5¢. uG/L

Wovu. Wi/l
2Lulu. 0V, e/l
200.0u, WGe/L
400 .00, UG/
3200.00. WG/L
ZU.uu. UG/L
2400000, UusL
2luvu . vu. LLGsL
17 .16

UG/L

7.10. UG/L
10.60. Us/L
7.56.

L
i

199-H4-4
BOHLSD |

06/14/43 FILT:

F1ELD

49,090,
204.00.

23.00.
3.00.
500.00.
10.060.
¥4000.00.

2900.00.
48.00.
20.00.

26G.00 .
20.00.

309.00.
8.57.
17.40.
210.00.

4300.00.
2.50.

49.00.
2u009.00.
200,90,
400.00.
4200.00.
20,00,
24000.00,
21000,00.

17.70.

710
10.00.
7.90.

ROUND:
1

UG/ L
UG /L

uG/L
uG/L
UG/ L
ua/ L
uG/L

UG/L
UG/L
uG/L

Wi/

Wi/ L
PCI/L
PCl/L
Ui/l

UG/ L
W3/L

LLRTY %
U3/l
US/L
UG/L
uG/L
WG/ L
QG/ 1L

UG/ L

UG/L
UGs/L

cecco

198-H4-4 ROUND:
BOBLSO ( . i
06/14/93 FILT:
1TASRL

49.900. UG/L
200.00. UG/L

23.00. UG/L
500.00. UG/L
10,00, UasL
24500.00. UG/L
2900.00. UG/L
48.00. UG/L
20.00. UG/L
260. 00,
20000, UG/L
300,00, UG/L
8.

17.40. FCI/L
21¢.00. uG/L

A300.00. UG/L.
2,50, UG/L

39.00. UG/L
Juud0.00. UG/L
200.00. wi/L
400.00. UG/L
1200.00. UG/L
20.00. UG/L
24000.00. UG/L
21900.00, uG/L

17.70.

7100 UWG/L
10.00. UG/L
7.90.

[=f=2-1

199-H4-4  ROUND:
BOBQZO [, 1
07/13/93 FILT:
LATACH

100,00, MG/L
32.50. vG/L
69.40. UG/L

21.00. UG/L

.Bl. UG/L
52.80. ug/L
4.70. UG/L

2100090, UG/L

4000.00. UG/L

75.00. wG/L
4.05. UG/L
355.60.
265, UG/L

500.00. UG/L

14.28. wI1/L
36.50. FCI/L
250.00. UG/l
3706.00. UvG/L
4.70. uG/L
17.90. LG/L.

30000, 00. UG/L.
34,306, uysL

147.00. ua/L
3000.00. UG/L
2.87. uG/L
36000.00. US/LL

32000.00. 1K/
114.00. RCL/L

19.20.
51.10. UG/t
700,00, /L

8.00. UL

4.80. tru

16.20. UG/L

22.00. UG/L
9.60. UG/I.
8.08.

cccC

u

u

[l o

0 A%y "€p0-SH-NH-AS-DOHM
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|
(fieldl conductivicy
(field) tenjerature
Alkalinicy :
Alualinum !
Antimeny
Antimony 12%
At senic
Baninm
Boeryd oo
Bromioh-
a1
Ca
Cesium-137
chluryde
Chemiium
Cobalt
Cobalt-su
Conductavity
Cupper
Cyatilde
Cyanide
Fluduide
Gruda albpla
Glusa beta
1iun
Lead
Moyl st aw
Manijuuese
Mupouny
Hi« Kl
Hitiaie
HLf it
Hitydce Hitoale
Phiwsptiate
Fulassiom
Hutbiendum 106
Selenium
sylver
Sodium
Srrondbam Wy
sullate
K assh Yo Y
‘I craturo {HTa b jaeatitswsul b
EL TR RTI
Tan
Total wiganle carbuw
Tutal organic halides
TLitiuw
Turbhidicy
Uranium
Uraniui-233
Utanium-235
Uranium-23s
Vanadium
Zinc
FH Measureaent
ph-field measurement

199-H4-4 Rqu:lD;
BOSQZO . 1
97/13/93 FILT:
FI1ELD
100,00, MG/L
32.50, UG/L
£9.40. uG/L
1,00, WG/l
dl. UMi/E
LA d0. WG/
.70, L
2100000, Ba/L
4000 00, VGsL
75.00. UG/L
405, pG/L
shb LUk, ‘
2,65 UG/L
|
LUt Uy, Ue/L
14.20. BCL/L
i6.50. WwCIL/L
25U.0G. LG/L
1450, 00, KG/L
4.70. LG/L
[ TYREY Y B
1eulu U6 /L
1B UL LU/L
141 v UG/L
4000 .00 W3rL
PR VPV
Jeued . du. UG/L
DTNV A W
b i/ L
H1.10. UL/l
00,00, UG/
B.00, UG/L
4. 80, tfLu
16,20, WG/L
22.00. UG/L
9.60. UG/L
B.0OH_

u

cr o

e

199-Hd-
BOBQZO
o7/11/9
FTASRL

100
3z,

2

b

4
21000,

4000,

Ltou.
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Table D.1. ;[cont.)
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